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(54) STRUCTURE OF CRYSTAL FILTER AND FILTER UTILIZING THIN FILM BULK SURFACE 
ACOUSTIC WAVE RESONATOR 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a filter with an 
improved frequency response characteristic that employs a 
bulk acoustic wave BAW ladder filter and a stacked crystal 
filter SCF device. 

SOLUTION: A BAWR-SCF circuit 1 is a 4-port device that 
has BAW resonators 2, 3, and a stacked crystal filter 4, and v x 
also ports (that is, connecting points) P1, P2, and 01, 02. ^ 

The input impedance to the ports P1, P2, and the output ^ z ? K v ^inL^n "I 

impedance at the ports 01, 02 are respectively 50 ohms. ?V ^QNHP ' ~ " 

Electrodes 26, 24 of the BAW resonator 2 connect taaim I ZJ* J » 

respectively to a connecting point I of the device 1 and to a \ T^ 14 /' 

connecting point G1 (earth). The upper electrode 26 of the _L 
BAW resonator 3 connects to the connecting point I and ~ 
the lower electrode 24 of the BAW resonator 3 connects to 
the lower electrode 24 of the SCF 4. An intermediate 
electrode 26' of the SCF 4 connects to a connecting point 
G (earth). Moreover, an upper electrode 25 of the SCF 4 
connects to the ground connecting point 01. The lower 
electrode 24 of the BAW resonator 2 connects to the 

ground connecting point G1, then a via V is provided to the device 1 as its structure. 
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(57) [KM] <4HE») 
mmi BAW ttLir»7-f il/i'— RtfSCF 5Wf** 

[*Hfe*»] BAWR-SCF[eJ8& 1 teBAW ftSJg 2 . BAW * 

h5*/W^Tr*0, #-h> (-Tttto-fettttA) Pi. P 2 , 
01KZ*02£^£f. #— hPi. P 2 fe«t^3R— hOl, 02te# 
K503— Att4. BAW *Jggg2©m®26i:24tt, *ft 

ttbTVi*. BAW #«S§3©±6MHS26t>3;fc, fttt£ 
IK, BAW ASS 3 ©T8B®«R24ti:, SCF4©TBG«4&24 
\zm&?2>. SCF4<Ot>m««26' tttttt£G2 (7-*) 

f *. BAW #g§g 2 ©T8B«ffi24*t£iftJ*8&j£Gll::»*S 
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[4#ffM#©*Sffl] 

A*;i^#tti£(BAW) 74)V*-\Z*>^ 

* 2 ©**©#- h<fc, 

WES! 1 ©*t©#- h©3 *>©* 1 #— h <t* 2 h 
tO|BKa5«UfcJ(lli»«i:, 

ME* 2 ©#©#- h© 5 "6 ©* 1 #- h 4:* 2 h 

*1 ©«&©BAW #«»T?*-?T, ME* 1 SUSlciS?!! 

itBEJG2aM*fc©WK:&ttbfcJB2BAI AHt^tr 
we* 1 ©«ffc©BAW *ll8i:. 

$HlWaW&&7 4 K&T (SCF) *?*^*^ ME*1BA 
W #Jgg§<*:WE*l ©**©#- N©^©— h 

<h©ra-ewE* 1 *»K»«bfciB 1 se^t* 2*Ft 

£Wb, 7i^, WE*2^i&*©«^fc8^b7c*3 
3g^£:rr3WE*lSCF ii&tL. 

e 

[W#SI2] »*3fil^l3«©BAW 7^;P^-tCt5^ 

T, ItlBIBlBAW *«»*«lttEJSl©*K0*-h<0 5'6 
©WE*l#-MC«ifgbfc*l$g^<hWE*lSCF © 
MEm*^fc»«bfcJIS2«?i£#U WE*2BA 
W WE* 1 BAW £S80«r£#lAII?&ME 

SI 1 h O 5 %0»fBI 1 h t©KTM83 

^lSteMUfeSlS^tt, WE*2BAW 
Sgtfiifc, WE*2©*t©#-b©'5-£©WE*l#- 
h tlltC»«jSi t©IBT?»IB» 2 bit* 2 « 

^&5firT*Ct*1*«4:'r*BAW "74*9—. 

MM»H3] 11**1 fcE«©BAl 7-f;W^C*V» 
T, WE* 1 BAW WE*l©*f©#-h©-5 
■6 ©WE* 1 *- h K**$bfctS 1 SS^tWE* 1 SCF 
©ME*l«^»~£*§bfc*2flB 1 <h£#U WE*2 

baw xmmmmm 1 baw *nn©WE*2$sii : p<fcWE 

mi SCF ©WE*l«^£©F<B"eWE*l3fiKU::g*gb 
feSHlUH^a-U MI2B2BAW *«Sg*^fc, ME* 
2 ©*f©#— h © 5 "£©ME* 1 # — h <fcME8E$&j££ 

©la-emeus 2 bfc* 2 Ji^-**rr * c <t * 

*BAW 7<f JW— . 
[§t*3l4] Hfcfc^l KE«©BAW * 
<blZ. *2©«S&©BAW #tgf&£Wb. StiBS2©«St 
©BAW #«&*<* 3 BAW #«§§£:* 4 BAW #S8£&£ 
WE* 3 BAW WE* 1 SCF £ME* 1 © 

»cd#— h ©5 ^©ME* 2 ©#- h <h©raTME* 1 
«m(C«^J{cS^U MEJMBAW #«Bft*» WE* 3 
BAW #M8£ME* 1 ©*f©^~ h ©ME* 2#-hi 
©IWTME*l»*fc«iSbfc*l*F£*U ME* 
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4BAW *«S*«Sfc. ME&lftj££ME* 2 
h ©5 *>©ME* 2 h t. OIBT? ME* 2 
bfc*2S^?r*T^^i:Srit*mt-r-5BAW 

[|»*S5] ft&mi £E*c©BAW 74)V$-\Z&^ 
T, MEBAW 7^;^-A»*6KJK2©«»OBAW 
g§£* U ME* 2 ©*g|Sc©BAW *&S#<ft 3 BAW 
gg<b*4BAW ME* 3 BAW 

WE* 1 SCF i: ME* 1 ©#©#- h © -5 % ©ME* 2 

io h£©rat?ME* i mm\z.\M.m\zm&\^. me*4 

BAW #SB#» ME* 1 SCF £ME*3BAW #tg§|.t© 
IB^WEJBl bJfc*l*^**U ME* 4 

BAW ME*m&iME*2©*f©*-h 
©5S©ME*2#— hi©KTiEI2^(;lMb 

fc*2^^^-r^^t?r<i#@i:frsBAw 

[fflt*®6] WEBAW 7^;^-t'ckoTS^-m$^a 
fciBCMMMMaf* 1 . ¥-©SCF t/HXCJ;oT4 
^.#Sfflifl*«J?J i SF©-€-n-?n©±®x^>'i:Ta5x^ 

20 ^i?t**-r^^<t*«F^t-r?>W**l KE«©BAW 
[§Mt9I7] SCF XfcPil^m^fc-g-Si&^BAW 

MSI© U"?JHfc*iL* C £ t"T £>HI#3l 1 fcE« 
©BAW o 

[W^8] l#*^l (CE«6©BAW 7 -< )V?-\Z&^ 
X. JBi*«Hife»cT*«SK*-Hi-rJ;3K»Ei(SiBA 

w *ng*i^iib, * 2 ^j^&is-e^ig^ffi^w-rj; 

3teWEJB2BAW *«»«rWIWIb. METfiRy 
30 E*2*H«&^c©Miat?*D, ME±Sfy^^^ME 

'mimmmWLWL^m^hr). f 

c ME* 1 BAW #S§g*3<fctfME*2BAW ^1S© 

^■&©i!>js< tt>— jjiz&^xmz-tiiznzho— o© 

ME* 1 SCF (CioT^^-ffiSns^lg 
Jlii£i&<h©WgrT?&-5£t£4tm£-r-5BAW 

a 

T*2il5li^«liS:^ai-r<J:5tcWE*lSCF $r|^P 
-r-5rt*iNf^<t-r-5>li^»i8tCE«©BAW7-i'^^ - 
40 — . 

1 0 ] ME* 1 BAW #cS8§43 £tf|ftE*S 2 BA 
W *MS§© : S- < 7* i T©/P$S:#"r-Sffitt^ : $r-&*-. ME 
*1SCF ^n^nTWjPSSrJ^O— jt#©ffi«Ji?£-& 
*, ME* 1 SCF ©ME*2ii5ISiS*ii^ : feoMEJl^ 
ME* 1 SCF ©WE-»©ffi«^©#^©ME^ 

n-e'n©J9$ ©mis:t$.?> h t ^#mt-r 9 \z 

E<£©BAW 74)V9—. 

1 1 1 ME* 1 BAW #ig§g, ME* 2 BAW * 
43iOCfttfB*lSCF ©5*.©'>^< £fe lojft^ 
50 g|»Jfit*»57-#IJt©5-6©-***ttCltS»« 
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t-rzm&iM i tcia^©BAW . 

T. 

ftJffifB 1 ©*f©#- hOp^CSl h <hlB 2 h 
<fc©|HT*«bfcS6 1 

lWfBf§ 2 ©*f©#- h © -5 -fe OI 1 h £ SB 2 h 
fc©IHJTr»« bfc* 2 gut. 

sb i ©*&c©baw #s»t*-3t. wesb i mmizw.Fi 

IzmmistcfS 1 BAW ££S«^trffiE£ 1 ©«&©BAW 

w 1 ©#©#- h ©3 -6©—:&©#--h 

1SCF TjoT, ME* 2 *ir?&ttjft 

fcSiEttufcjisJi^^-rsiJCJBiscF 

|B2©**©BAI #*»T»oT, MBSB2©«&©BA 
W SB3BAW#|gf§£:SB4BAW #JIgg £: 

*. MEMS BAW #«§§att<rSSe 1 SCF tlftffiSBl©** 
©#— h©3^©ME*2#— h£©IBTilrEISli*» 
fclS50fc*t*U MESB4BAW #tB§§#ME!B 3 BAW * 
SgHtlifrfBSB 1 ©**©#- h©S^©lWB5S2^— h<h 

oiwr«nE» i mmizmmvitf& 1 jH^a-u mesb 
4baw *a»*«*te, t»B»i*jiSitweJB2o»©#— 

h © 3 "6 ©StfBSB 2 h t ©m-CttE* 2 #^CSS 
bfcSB 2«B=-&*"r-5«fc5 fcfcoTt^tflESS 2 ©1S2fc 
©BAW #M§§<*:. 

MrEJB2*a^BJ!lfc**LifcJB5RAW #S»"C*-3 
T, WfBSB2©*f©#-h©3-£©MBSSl#-M;:» 
»bfc*l*^&#T*»EiB5BAW WEJS 
2»«fcSt5«R:*«Ufc*6BAW *S»T»-3T. ME 
SB 2 ©;** ©#- h © 5 1> ©MBJS 2 #— I- fcSgfct 
lJIHF*«-r-B«E*6BAW *SSi<h, 
SB2SCF Tfe^T, WESB5BAW 2 
ij£LfcSBlS&^£:*rU j&O, IMBJB6BAW #SS§©|B 

© MEfftie A icflHK L.T n * IB 3 SK^F £ S & S M 
ESB2SCF tft*n^t*»ittS/tM#tt«(B 
AW) 7 

TO13] /W£Wtttt(BAI) 7*^— 
T> 

MBJfflMd*. *1 ©»©»«££* 2 ©»©»»£ 
IWE*l*»©!ltlBJII10»0»iWt©-*i:ttBBJB2 

tt««R*«F*s*iB-rfc»©we» i fstib^t, 
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l/t»EiTr««l/fc* 1 ©«&©BAW 

mesb 2 ^aa<> -tn-en© jb 1 ©» ©*«j& t sb 2 © 

MfBSB 2 ^&©WfBSB 1 ©»©»«jS*«WiBJiS 1 #a© 

me* 2 ©»©««£»=*» u WfB^2^©©strt3m 

1 ©»©«»£©-■# tWBJfS 2 ©»©*«£ tfctofc 

fc*©tftEJB2#aT?*oT, (IMe£2tir1£MftJftS£F 
*»» 2 9»PKftM*&-&&. t&BSB 2 ^WcifilHS. Kilt, 
10 lo©SCF MEBAW 7-r;^-*^3jija#« 

»!RS^tr*3HiftRJ6#S**tBU taBSB3Hi£f£ 
JS***ME* l WttH«»««F t»ia* 2 ttttJfltttttt 
«Ffc©H»T*SC4:*4**ti-*A;^5|ltt«(BAW) 

1 4 ] MC£ 3 AttftJ&SfttttG* 3 Mff 

*»*©±**j:tn r *«cffi«"r*yy9 i «'&*. «wb 

yy^**»IBJBl<»tt«*ftl6:#©H»c-C*oT, MB 
SB 3 M&KJSSfliflteSB 2 tt&NttftJ£$©H8rC%« 

20 Cffi*©BAW -7A)\>9—» 

CS*5B 1 5 ] M&a 1 3 fcBt6©BAW y-<)V5> — \z 

©#©»«££* 2 ©#©**j*4:**U WES83# 
a©*(rE^ i ©»©fil«l!jS^«trEm 2 #a©itrE^ 2 © 
»©»«jiKKailif U> WESB l ©»©*«fcjiSi©— *tlt 
EJB3^a©WE*2©#©*ttj«4:Ktofc*«^©* 

mic^ lti 4 »ftaaa*«ta*a-rfc»© we 

ttE* 3 aaajs*tt, ttsi 
30 4&tem&&fo®<oM$tiX'<b&'o. tJrE^3#a*n±b 

2rjWE«T?*«L.fc-€-n-€ t n©**©BAW ^SS^r^tJ 
C t^#m<h-r-SBAW 7>fM- 

-r^m^mmm-cmtjn^— my a j^-iz^-z. m 

lSB^<t^2ffl5»t$r*b. 

^©MfBA73gftc^Jn$n«.«-^«:»iK-r^fc©. 
tf, tJrfBffi73BB«raCT^lS^M^S:tii©T^fe©© 
40 »E*1»»T*9T. »EJBl»»3&«»lA^*tt 
»*Ji«-aaS!«Sft7>r (BAWR-SCF) !h]S&£# 

WE* 1 »»5ft«4"i>H«» f ei. ««»f niK*5^ 

«-raHaa*:«F*a*w*"«t -5 tcisii^^ n> 

MEi6 2«##Aa«fc«fcr*ma»*:#U lttE»2« 

U> WE^< tfe l^)©T>5 i ^e.8trE^2S5^© ' . 

EJB 2 »»CitBUl*»*lUT!! 2 »Km**ffl AT 
50 3fc©©lWrfBSB2gB#T&-3T, f»E*2*»*«JB2BA 
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WR-SCF[i!S&S:*-U ffiSg 2 mfrtfi+ttmHtik f ««. « 

IIMBft 1 BAWR-SCFlelB&tWrfS^ 2 BAWR-SCFIsl?S©#* 

#©fflS3ffl;&ffi£ffiS3^&<<t%>lo©:r>?7-£©ia 10 
2«P»OtJSHA^gCt©^tJfB^n^jiIin<DBAW #m 

im^m i 8 ] i 6 \znm.<Dmm—My -r )v$ 

-KiS^T, mt3mB&#<tli(riBSi£2&#©^ft<<!:*> 

-^©^©s&fBA^sw-^n^n©!?! i ©#©#- h 

lfflfBg&#©litJfB*!>fr< <h*>-7J©a$:8-©li(rfBtB 
^gPdi-€-n^n<D^ 2 ©*#©#— h SMBBBfr© 20 

5-*><DmZ'PtZ< tfe— 7j.©6&#©ltafBBAWR-SCFlElg& 

ltflfBS? 1 ©#©# — h<D?% ©31 1 ©#— h ifJIBfi 2 
©#©#- h©-5-&©ffl 1 ©#— h <h©P^tC^bTV^ 

tSrfSSg 1 ©*f ©tf— h © -5 ©SS 2 ©#— h <fc MSBSB 2 

©*r©#— h © a % ©sg 2 ©#— h t ©ra tzmm lt^ 

tfrfiES5#©ftJfB4>&< tfc— ^©SP»©*dfBBAWR-SCF0 
8&©ftIfB}g&©BAW MfBSi 1 mU\Z\M.m\zm 30 

i&bfcfgiBAW ^ria^i^ttfri5^2#^ 

t©Bt?^bfe^2BAW ^HH-hSr-g^ Ii5SBgB#© 
f&fB^ft< tt>— *©B5^©«rlBBAffR-SCFHI!S©B9IBSC 
F45I1. Ml 2, i3J:tf*3*^*#U fflfBSill *3«fc 
tfj62*KP*«, WE* 1 BAW 2 ©»©# 

— h© 3 -fe©WT8B^ 1 ©#— h t ©RgTMf2g§ 1 9181 IC 
«if£L, MIB^3«^MIB^2^lC^bT^SCl 

i 9 ] m&m i 8 ciB«©ft5fB-«7-< 

-fC^VJT, miB^©WIB^^< <h*>-7J©a$#©ftl 40 
IBBAWR-SCFIhIK^ ££>»c, 

WI3SCF tWC!B2flD»©#— H0 5'6©»BJI!10# 

-^©HlCflfg^nfcSfSSBAW 

tUBB^S 3 BAW ^«§itS5fB^2©M©#-h©'5-&©«l 

IBIS 1 #- h tonSlTaifebfcm 1 Sft&tt5l4 

baw #s»-e*^T. tmeiS2««caiibA:jfi2«? 
=b*-r^wfB^4BAw ^s§g<h**-r*ct$:#mt-r 

tl»*^2 0] £A«Rtt£h 4>fc<£*> 
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jr7)V=M7 4 1 3l5«tftA»t* 2 3IS« 

ftTfBfg 1 SIS«^X§g«fl 17^JW-t^2 7^M 

aiwai^oiHAWcaEisbfc^n-fnosi 1 ©**©# 

ffiflBS 1 y 4 )V9 - £ MSB* 2 7 w fl^ - ©# * #-^n 
■£n©js 2 ©#©#- h *>*U 

ffiflBJB 1 y << tWEJB 2 7 ^ Jk* -©#* ©MIE 

% 2 ©*f©#— h<Z>5t><D'Pf3i< £ 1 b#MiE 

'piz< tfe i o©T>^{-a^b> 

ft 1 7* ;W-fclWB» 2 7^M-t*tJB 1 AttR* 
«£fg 2 UttlMlfUKtofcoX-tn^nHilllf**^* 

MIB^ 2 3 7-<M-tl4 7^W 

meJB 3 7 W JU^ - 1 MIBSI 4 7 ^ )V5> — ©# «t-€-n 

■?n©^ i ©*#©#- h**b, 
ttrejB 3 y j )V 9 - 1 Sfriam 4 7 - ©# * © 3 *. 
©stfiam i ©?*©#— b<Do%v>'ptf.< £*>m i h 
■t>mm'j>fc< t'h i-z><D7>^\zm^v, $^mf$3y 
4)\,9—t.m&%±y4 )v&— ifi. tnmstmmm»a>x 
tsmzmuvtztn^eno^'m 2 ©**©#- f fe* u . 

m E£ 37^M-i; WIBSS 4 7^^-0^* 

■?n©BAw tsiss^* 

MfBm 3 y w - 1 WIB^ 4 7 )V* — iz 3 m& 

fflBttl. ^2. ^13, m4 7^;P^-©^&^©S5tBBA 
W 7^;l/^— (HlgS*^ amy 4)^5— ©^S1©M©^— 
h© 3 -£©MI 1 h t WIB7 ©^i 2 ©#*©#; 
- h©3^©MS 1 #- h £<DfflTmmVT\,*2>& 1 

tffi7 W — ©^ 1 ©*f©#— h <D 3 -fe ©m 2 h 
tWIB^^;^— ©^2©»©#— f-©3-£©?g2#— 

MiB^l^tCiS^J^^bTV^^lBAW 

MSB* 1 mm t. wibsb 2 mm t © u t v» * as 2 

BAW *m§it. 

tffSB#S 1 BAW *ig^tM^7^;P^-©WfB*2©^© 
^-h©3^©^l#-h<t©raTMtB*l^{C^ 

bfc* 1 m=f- 2 sfi*tt5iii^7^M 

-(SCF) «h. 

wtB* 2 aMoftttAKicttML/Tv^jK 3 **-rs 



t 

im&m 2 i ] mam 2 0 ten©?* n. t)v • ^e- k 

BAW 7-f;i^-B*a«S6fc*3aAW #ifgg<i:$g4BAW 

ffiTlB^ 3 BAW *Jg§g^«TlH^ 1 **icK$g£»ixu 
W§5Si£3BAW *SS*«WESCF ©WBjB2Ji?fc*KL 

AMES 3 BAW *Hii5&iWfB7 w )V?-<DW, 2 ©*f©#- 
h©«MBm#-hfc*»LfcJR2*^'MrU 10 
jftfBJg4BAW #«S§5&<ffiiEjg'3BAW #J8ig©ftffE£l 2 3S 
^ t*(rlB7 A )V9—<D% £©**©#- h©3 *» ©WiEfg 
1 #- h tOIB-PWEJBjr »*K»ISbitlB 1 

ffiflB^4BAW «««3W«niS«ttjfttllHB=«7^;i/^- 

G« 2 *«(caiii Lfc* 2 sst^w-t* n t £#m tr 
aHUtMic^^T. tsBH^i-a^-i'^-ttEris^ 20 

2 rl7-fM- ©#*©BAW IhFK*<> 

fc, KH3IB3BAW **«tl(Ha7-f OllS2©#© 

#— h©MI5« 1 #— h fc©IWriWB3B 1 

}g^LfcSS5BAW *ms*«-r«»iit^!itaj[<!:-r-57 i 3. 

[ffi$$2 3] 2 1 ItEiCfaJ;!' • ^E— F 

3S««S«fc*V»T, U!Bfg3-S7-f — tfltTBSI 
4=17^M- ©#*©BAW 7^^-@KA«, 3 6 
MISSH©M©*-h©-5^©t9f3^1#-hi:M 
BSg 1 BAW &aHB£©nTiMB)ll 1 Jgi&lCiSWcS^b 30 
fc«5BAW *fi»*#T*Ctt<l*«t'r*5 s 3.7"^- 

[|S9I©i¥Jiffl&i&9i] 
[0 0 0 1] 

(SCF) »«**tT7-f ju^-Kiwr*. 
[0 0 0 2] 

[fi£3fe©8tffj] m^5Wt»E(BAI> #*»7*W;K 

-*»«isnTv»* e taim-vft«. she, ^tux 

21i©^-f7ffly^H'#t4ifMX, rtt*>"6, BA 
W #«§§43J;tf«JfS«iig<S:7^;^- (Stacked Crystal 
Filters: SCF) #<ftl6ttTV>«. BAW ^SilgiSCF t© 
WO— t3©ffijtttft^W ^©«itic$*n*iio»-c 

&S. BAW «Jg§ilC«2*©fi@i:. d© 2* 

*. ff«si:*7 : n'fx©ai«t©raici«ceA±©iKJB 

SfflV»*«*t>*5. cni^BgWtC, SCF tWTJc 50 
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tt. 2ft©ffi«»£3*©«»8*Afflttfc*3:tl*. SC 
F T/H7ttt. £© 2 #©JE«JB© 5 •&©«&©—«: 

3*©««©3%©*a©Ta«at2#B©+ini 
«st©iatffissn. ie«»©2#§©««. 3*© 

an*. ^©+ra«@tt> a*. musMMtvxmma 

[0 0 0 3] BAW **1X.h-&U*M 
^7^JP^-*T«t<fflV5e.n*. MM. Driscollftfi*(D 
riscoll). ,,; E7 'Jyy?7-f ^A^lRSx^y Di?- 
fc:6fr**ifi©a#*" , lf$-»'#-79A. 1986. p 
p. 365369 = £©Driscoll©*f£lc:te, fi5iJIBK©BAW 

©^n^n©BAw #wiaiciiicB-r««n«n©ttttjA 

tffflTHZtlT^Z. il*©BAW #g§s©^ffilHlS§£E 7 
Cat?. £©«HWiattfcH:. iCMIcjMbfcM'f >^ 
^>X(LmK W*t/tJ'^>7 (Cm) * «fctf^Mffiigta 
(R) b.m&\<Dli &.*r*r 9 (Co) t^ins. 
[0 0 0 4] 7^;^-KK-Kirr*— 3Ci<*t3* 
^-V/t->^>7> (Co)©^*T?$.-&. — ©=&BA 

w ^sstHaT-ss^-v^v'^^x (Co)«. 

£#BAW *JB*tSfe5"Jfc:**r*Ctl=:J:-3T. Drisco 
1 1 ©*fE C $ tlX t» -5 7j ffiTffi^-r -5 £ £ # 

^— ©«uft^#©-9--fX-*»wta««in*)*. 

[0 0 0 5] BAW *SSg$r^tT7^;V^-«> lib^Jg 

h7Hni?-f©«iS*«fOiitA«^^. i»^©«fi:±> £ 
tbTBAW *»«3^6«nasn*rabr»7-<;u^— * 
"baw tti/37-fM-" tmpctic-r*. «Lx^ 

B7 4 )l>*-<DWtmZ. K.K.Lain te*© "GPS ©fc© 
©»MA;U^#ttft7^JW^-" (Lain) > IEEEjglrifc 
->>#v f '^A> 1992, pp. 471476 £ 
©*f^lCE*anTV»-5«fc5C, BAW ttbCT»7-f;l'^ 

i^£Ui©baw *ii§g<&7-Y;i/^-rtSS-eii:?iJic 
iiio, 1 o£Ui©baw &mm*7 j )\>i?— i*aSB 
-c»s§^-r*ck5{cASMic«fife$n*o 2^©baw 

#igS§42«h43£-&tTJ&gi#J&BAW ttL 41 
$EH6f'^-To 2-S>©it?iJ^BAW *S§g43i:45. 43 
«fc^2^©ir8S^Lfc*Sg42i:46S-^trfe5-o© 
AMWJS: (J£— )BAWttUrT^7-i';^-44S;E 1 8 tC^ 
T. BAW «Ur^7^;W^-44©^ffllHl?g : £;0 2 0 Id^ 

-r. $e>icfc-5— ^©aswj^baw ttbzr^7^;i/^- 

47^02 1 IC^-T. I(D7^W- 47tt, "A*5>7.© 

44^^L/T^^7&s, BAW *«§§48tBAW ^ffi§g49fc-& 
Stl*. E©7-fM- 47©^'(iBiag§S:EI2 2 fC^-T. 



(6) 

[0006] baw \tvz:my^ )\>&—\z. mmzmmv 
tz#M& ( "W-pmrnm" t*^?) a*, *n*n<D7 
^ frf-vrnmo) crut)*>. "mm" ) 

citcAM«jicttK«-$n-5o ra«tc, baw \tvz:&74 
ftm&ffcLrc&mm ( 

row so f 'kjfis&c: b na^cafflojHWc' 

[0 0 0 7] BAW \Z, mTiVS., BAW 10 

BAW ^fgSg<D«g^(lay^ stack) Ofnftl©)!^© 
tt, BAW \ZUZ:&7 4 ;l^-©ifi?iJ^BAW #H8§te. 

W ^IESg7&iS*-tii-rie?043«fc^M5iJ*««. #88«^b 
fcBAW ^S§§^*-WTii:? F1 J*«tt' c 3£5iJ*^«ISJ;0 

bfc#*©BAW#S3gcDiB?U#igte> na&iS:;*^ 20 

fc£b£><Z>-C<fc&#) . BAW \s.\,xn&7 * )\>$>—\z%>^ 
T, ifi?yg^BAW #$g&a«*m-r&?u#is©*:«>K> 

±^^7-c;v^-«y^9 L *^-r. ^sss^LfcBAw * 

WL<Dl : m^.v'J(Ol : -f3\zy ^< — y^^-t. z. 

£wra (?f3.io*>* z.n*><os y &T*m.m 30 

BAW #&&<DQ7y 2 9 — tCfcoTBO^Sn-S) . 
[0 0 0 8] ifi?!ia^*s <J;tf#6&ig^roBAW #ig§§©« 
B#©JPS C5ii«f^ W * ©Kit* fc£ D 5^tffl£1±#$> 
£. BAW #if8gtC17I>M^nE*±©BIJl£^ty 

[0 0 0 9] BAW \*lsZj&-7 4 frf-O&mte. 
jSfBAW #®8§©3iS^§MffilHlS&#> em^>t$5tC^<S 
#n?^5. <@*G9BAW #«&<Dit^J#Ste«fflH' >^ 
*>7, am)43«t^ffi=^^^>'^>X (Cm) {cfc^T^b 

.5. baw #Mm<D\a.Fmmm&$k-z\** baw #«s§<ek 

BAW *JgSi«5i-SS©J:3(C«ffi 50 
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10 

-rs) . z\<Dia.m&nm%i$ti£*)<&^m$L$i;-?\-£. baw 

#i53g<£K >t-^>7.tt^fi14*^. BAW*tIl§» 

fil/^S^CTtt, BAW *H|gCD<>tf-^>7.tt^#'tt 
#&5o BAW #ig3§©M^J#ffiJi8i£&J;9iai^Jl 

BAw*n§gw-f> 

[0 0 10] 0 7lr^-T^ffilHlgStC«flUL.fc^iagS«: 
#-f5 2^©BAW (fofc;lfc£#BSBAW ^Sgggtit 

?IJBAW ffc^SI) SrBAW lib 3^:7 ^U^-tCfflV^ftl! 
#J&«^ :7^Jl/*-©«4£#tgJli&i8c«#S&BAW 

&<Dn3mm.ifi£.vz>j%WL$rztb%. z\<DmWL®L~z* sa 
w \zvz:w7 4 frZ-nXJimttmzft&i&m-zn. 

-^ntcfc-pT. BAW JU^-W^iS^C^tt 
7-c;^-05®jii«^OT^«Cgg^/ ^Srjfi-r. BAW 

S^iJBAW ^ig^<Dit?iJ*tB^ife®:*«fc^SSBAW *ffi§g 
©M^l*^^"^*^. ^tL6©*ti^ffl?Sc«. BAW 

^KIS^^^ h;i/JKDBAW BU37-fM- CD0fli<D 
^'L^ftlSfC fe-5Vi»-€-<Dj523{C$)-5>. ^SSBAW £^ 
S0D3fe^>J*lg^«©:-Ctt> ^SSBAW *tiig«BBS§CDj:3 

is^jbaw &m&<Djg.m&mm$L8:-z\z. m. 

mkW #M§£teft&V><£5\zMZ>m : 5 (IfcAbt. BA 

7j)i>?-®&&mt%&mm-rz>£&* baw ab^^ 
baw ttb^7-f;^-©A^gf«cH]pj$nfc^-&. m 

7) . 

[o o 1 1] baw \zi,z:m7j )v?— omm&mmsifii: 
b^js^baw &m&*mpmm&m?hm-rm®.®.-? 

z:©ra&IST, B5UBAW *«§i«PISSro<J:-5{cS 
^>»^, #g&BAW *jg§§tt^>x>-y— ©«k-5^«-S>» 

[0012] mm^&s&te-WMi atrf7^M 

ffi£t&7f;-fm tt^^J )l<?- (Cntctt4-D©BAW 



(7) 
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M&m 2 3 iz^-to 
[ooi3] >&o---o.<Dmmmf£mi&&;ifc l &&mi-7 \z 
m-r. z.n\zmi 6©baw \*vz:m7j )i?—u<Dm& 

mmtVT. 1) #S§g43 £42*<£CF©*-*V?n©* 1 t* 

______ 

B?IJBAW*«S&(43, 45) 



12 



*«2fcU>5. h$*rrv»-&Ji 2)#il§§43<>:42 
T^<5*m**tril£» 3) 7 -^l-* -41**50:*— ASSHf 

[0 0 14] 

Ml] 

^2 



4}-S&BAW#«SS(42,46) 



(Mo) 


308 nm 


*>;r-r>(Mo) 


308 tun 




2147 nm 


H<b£ia<ZnO) 


2147 nm | 


(Mo) 


308 nm 


*»;^-5r><Mo) 


308 nm 




90 nm 


-flMfcM(SiO,) 


90 nm 








270 nm 




352um*352um 




1 352 um*352um 



[0 0 15] *l*J:tX*2*ja,T**J:5K:, BAW * 
ffiS42^tt2t30W[S*»-&*tlS*^ BAW *Jg^43tC 

#S§§42fc 2 0©|g|JI£JBV>5;i<hK:«fc-=.T, * 
Jif§42tC<fcoTg^ffi2nfc#gJ3i£&*^ BaittttA 30 

[ooi6] jiUn©BAW ftHSgS:7w;p^-tc-&se)S 

BAW tevz&y 4 )v^—^^^>m±mm.M<Du^.)^ 
mna-r^z.L^-v^^. ^<om^ v^)\9— v>m.n& 

gC©#igSg£-&tT) U )l?-44<D&Mtf)t3i "mm" M 
ifc&f&gSEIl 9\Z^-T, Z\tl\z\t, titimtVT. 1)# 40 

mmztMzm i icy x b^nx^jps tmn^n^ 

»£-&ir£i, 2)*SSS42i:46«*2fcU7. KStlT^ 

[0017] @17t01 $*%rcmz>&o\Z. 
i«ST7-f ;V^-44*^A2>ja«©aStt. 2 0©BA 

w ^«§§b*^^^v^-<;u^-4i^#Asisau'^Ji' 
;i^-KilJn©BAW *««*ffl(r»*citk:«k«5 7^;^ 



BAW ^^SrSfifif ^>«-&tCt)^intt*T«*^)o £6 

fct^.7^M- ©ffiia^j&s^asc^-r-s*:*© 

[0018] Ei7 tmi 9 tc^-r^^tc. -en^n© 
7 — 4i -t 44©a 5a^®co ^'H^^ra^Kftx ^ 

&—4\£44<D%z\z&^xm&\£zntzm&mw%m<n 

#*«tti5,k-*25ini MJ*#T*ttfc»B*«fc3 
\z z\tt £> ©jafcftiSS^ftttSMttl icffl n 5 7 w - 
tcM;fc£*i5 ! b©-e;fc£. 
[0 0 19] ffiia : ©«7W , ;i'^ — 1- lt?EJLt©SCF 5rA* 

KSCF TVt-f^ftJB^Sflljfttt. AHM^BAW ttL,CT» 

::n e> © 7 ^ - \z £ r> t iiisw e. n ^> c t 
■r. z.(o^v^\z\^ mm-t>-y??>xttLu) * « 

ffi^r^^v^>X (Cm/2). ^«S6x(2R), *5J;^^+ 
r/^->^>X (Co)*^*n-&o 014^|,T»2><k5 
\Z. SCF tJ4. **»t«UfcafcW*lr^->^>^(Co)S: 



• ' 13 
[0 0 2 0] ±ffi©BAW \*VZM7 4 )l?-lz&t>nz> 
<fc5K, ££bTSCF f A*-f ^A^M$n57^;W 
-i;lii><^W«*^5. -ooMiLT, -SCF 

<h(ri-5 d£*^f e>tx^o co^AttBi 5l;:jl.3c:£ 
AStfS. £©0teSCF ©ftSW&Ji«i£Jfc£r£*jLT 
3fc£bTlo£U:©SCF *}dE85iS^e.#lJ**ns 
7>f;V*-©H»R«*WU #B#ffF5. 382. 930 
icSnT^-5J:-5fc> -€-n-?ft©SCF ilCWlcSt? 

flrr* t7^ ©^JhM X £ #Jnfcs c £ 
#*£©««« £fMffl-r * 21 £ AtBK left ^rilBtta** a 

d£T?&-5. 

[0 0 2 1] K±OK9i*»6, BAW ttbZTjg:^;^ — 
W <;/?£^IB©^£#0±gB:|3j;lKT^©ffiia : fir 

— \z «t o xffl^*- t±j £ n a i/ ^.Mzmu b ia± 

[0 0 2 2] ^JSfl©*^ — PWM'frlfte— 17-fM 

—tcWTa *>©-?&&. rl7-fM- ( "m&w&z. 

T/H7iLtfflt^n, h7>v-A'- ©§*I&(RX) 
£^«$(TX)gC#£S^!c#!iitbT* h7>'>-/\*-c0 

Rx^#£Tx^#©^n^ntc#T£iii£&s^£-£*. 

[0 0 2 3] 
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n*a*S!036S«*A»Oft**fctt*ffi9|ltt« (SAW) 
xAWT.Sr-^tft.Wt.afe^^ GSM 2MI&TJ;<ffiV>-5 
J: 5 IS. 1"<)1<<D— £©7CRF«73 l" < Wett3Si6:& *« £ 
Ibbftt^. bfcilbT, £*i£>©l^)g£:a;fl&-f SiiSIZJ 

m? * z: t *»a * b ^ t v> 5 £ *ta»T? # 

[0 0 2 4] ffi*©BAW «L37^ H^ — *5<ttXfi^ 
©SCF ^/WXfc±oT«4KT*££©T€^W«ftE 

[0 0 2 5] ^^©fe? — CXDSMtt, S^/yffc 
£t?&£. 

[0 0 2 6] #5Sf3©*>3 — ^ffllWIt 5S:Sbfc-fi 
7 ^ - -5 Z. £ Tifc ^ . 

[0027] #fgg8©2£&-5@i$£*iMtt, em££*. 

20 [0 0 2 8] 

IIiga7-fM- (BAWR-SCF) ^N'-f ^*fcttlHl8SlC«k 

r?TJiaiOD*3J;^ft&©K^S*5l:BSb, 

HSi-rs. 0©*J6«njtcfi£^T, BAWR-SCFUI 

|BT»«LfclBlWI«, K#-hW^3£^4#-h£ 
©HTSS tfc^l 2 i^t ?:f 1-5. ^©BAWR-SCFIelSS 

«*Ac, tevzmmwv&m-r&f&i "is^J" baw 

^*<i;tK^2 "^SS" BAW ^tiiiSrWb, $&tC. «@ 
30 H (Stacked) (SCF) &StS fccD-CfeS. 

*5EBJ©rC5mS^Hcfie-DT, ^lBAW &H3gl4BAWR-S 
CFIsl8ScDm 1 #— h £SCF 1 ffl^ £©PpTe^ 1 

(cte^ucisgs-ra. ^2 baw ^ibaw 
i h £©ra-rsg i ^tciii^bfc^ 1 
^fc, &2mn\zmwt-rz>%h2m : T*:'e;ts* scf 

^lBAW *i!S£^2^-h£©p B TC^l^lC^ 
gg-T'5^1*3«t^2^ ; Sr^*-> ^2^©« 

tt^lfi««fi!bTVi*Cl£*«S*b^. 
40 [0 0 2 9] *5£BJ©t)^— -2<Dmmm\Z'fitr)T. Sf§2 
^SSBAW 1 «Sff*«SCF ©^lBAW #*g§S£?g 

1 «^£©r^T?^ 1 **KiaiSbTV»* Z. ££B£l/>T. 
±B©l3l6t«©©BAWR-SCFI3lft*«««*n*. ' 

[0 0 3 0] *mW<D<bv—Z)(Dmi&m\zV£-2T. Z\<D 
*JS^JT«> BAWR-SCF®K*«JB 3 BAW 4 
BAW *«»**rart*»V»T. ±fB©[Hl8S»C^© 
BAWR-SCFIsIgS^a«Sns. ^3 BAW ^SISIteSCF £^ ' . 

2#-h£©m-C*lW»K:i*5flKSttU ^4BAW * 
gggtt^3BAW *Igil2#-ht©fflT^l®iil: 

50 aftbfcasiJB^sj^oT^*. 
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• ' . 15 
[0 0 3 1] *»9I©SSfc53fctt«fc:«-3T±IB©ia 

KfcS«oBAiR-scFigift3ft<««sna. b^b^^e., 

*«W©C©*lS«C*l»Ttt. 2 #8SBAW #ffi§§© 
Ml«fH SCF ©S«1BAW *«»fcJBl*^t©MT 
BltttttcXftftU j&O, MI4BAW #iIfg©Sfll3SiiT 

a. scf i^3BAw **»towT?»iaM»K:a»-r 

o 

[0 0 3 2] *5HH©aSfc*>3— ' :>©*J6«Ttt, 
"A7 >X © <tnfc" h # P **OBAWR-SCFI3B*» 
JSfltSn*. #$g§H©£©^il5W£<fc*BAWR-SCFIIIftK 10 
tt, ±E©@(&fc»Hb3^, SSli5J;tfSf5 2BAW #M 

jg, ii*«ti;s2mi;4^-K cfe<fctfio© 

SCF #**n*. Sg 1 BA/#ffi8§tt, BAWR-SCF[eI?S©# 
— h03-60JBl#— Jv^SCF ©*1WF£:©IBT*1 
*»fca5yiC*JW*. ^2BAW SglBAW 

xmrntm i #- htcBTi i mmzm^hft^ 1 « 

SCF fcfct, SglBAW &Mmt:-#— h©5^©12 

h twin-eas i atftKittffibfcg i 2 

£bV>. CiroBAWR-SCFlHlStt, fg3BAW 
JB4BAW *JR»fc36»6t>*J«an*. ff£3BAW 

«, scf t«2#- h &®nt* 1 aweraicMMrr 

*: JB4BAW JB3BAf *a»tJB2#— ht 

7 >x© ttifcBAWR-scFiugstctt. m 2 mmzWM\zm 

ttb. ^-h©p*»©^3#-h(caigbfc^l 
SSH^JSoffSSBAW *ISt>t*n5. COA-7>7© 30 
ttl/tBAWR-SCFUIBStt. 2e>tC, £2 iCftK 

b, *0, #-K0 5"6©JB4#-MC«»bfc*l* 
^*-&t»flS6BAW ©3«6« 
{Cj^BAWR-SCFte. S&fc, jgfllSCF A»6i)JSns. 
COD SCF Ktt, £1. £2. *J:t«B3*T«»**n' 
-5. J6 5BAW #SB©JS2*mc»BU 

jB2«^tt. fg6BAw #«§§©£ 2 sssmcassb, w,z 

[0 0 3 3] **WfcJ:*l«. ±IBBAWR-SCFIhISScd«^ 

ooi3a. imKi*3©ttb2r»h#o 40 

>M £<fctfSCF KSSttbfcBAW *a»*«V»«CtfcJ: 
0. baw ttU37^ ;^-«J:cnMSlltA7w ^ 

5. ±EBAWR-SCFia!&©«*fclli609©£-*tt> 
y?-*«fctf. BAW I4b37-f ;U^-lC«toTAS!«)^ 

•s«* 7 ■< )\>5>— \z <k r> r Asmictt&tH s ti* eb± 

^WOTBAWR-SCFlHlgStt, ffl*©BAW ttb^7 50 
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2&<5>Wiffl*©SCF f^H XlCioT^-f It 

*tT**««***KttbT^Wfc&»bfcnft»iG; 

[0 0 3 4] jMBBOBAWR-SCFtW X©§*K:43U 
T» BAW *«!?©?-£© bfcBAW #}gf§ 

fc, BAw#ig3§©3t3© "afcw*«r 

««" ) bfcBAW #JI3gtt> ^©JP^fc^Ji^S: 

ttttBAW #ggK^£n*fcB««fcD*^«H#*-&ir 
Ii*«ISl/<, UttlCioT. &BAWR-SCF^A-f X 

[0035] -oo&ftwotRmz&nix. Bfra© 

( "tSfT ) BAWR-SCF^m ^©(f-D^RSCT, 

^-©iasa-es-scF **bawr-scfisjb&© as?"j#ii£jg#-m 

n^tfeTtS. ^KWBAWR-SCF^A-f 7.tt> -ttl 
-ifnoBAWR-SCF^A'f X© "^fff" «t»i£>HttfcT?. 
*ig-r?tt75: < Jg 2 it;iffl&*jg*S^ffi-r «fc o izmfc-rz, 
ct*ia*bvi„ cnn BAWR-SCF^AM C ©S-& 
ffijSb^Vii:Vi'5S*©fc«6"C$)-5. 

[0 0 3 6] H©BAWR-SCFmE&t£tt^ — #:H3t 

S CTftto-fe. »»S7-«ifi)BAI*«»tSCF tfrtr 
jS^D^a^©BAW ^lEStSCF *^trH tj&t-C**. BA 
WR-SCF^/X'-T X l:f®5 CtCioT, 
ffiwa^rofflfiSw^/W X<£fi6fflb&«-&HJt^TV>< 
■S)^©5pJjSA^*n-5o — 3©Wj«tt, ff27-TM 

^^ttW. fe'S— o©5pJ^ili> 7cm^©fc©f'^ 
fiitStl^Ct^JfcS. ^^©BAWR-SCF^A-fX 

5— 5 i /w;*s4eflrr*3 bx> 

[0 0 3 7] t>3— r)0!)**W<O»«lH«fc*Xtf, 
©BAWR-SCF^A'-f X ©# * #xA-f X ©Wig* Kit? 

(via) «:-g-tJ«kaiC^fi£$n^r.<i: 

*ia*bv>. 

[o o 3 8] fe5-o©*^Bjroffi^ic«tnti, h7> 
->-A--c i ^ffl$n-&-a>'-YJi/^- (jais«j*iA«) 

tm2 «»tt*-r*ct*«H*b»ri. h^> 
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B?^tt^-n-6n©BAWR-scFiags*#-r-5*<, *-©@jstt 
©mi awna. tfcjwtRfci, /fisiscf NiTTasy^ 

§£©Sg2g&#te> +^«S:fc 2 > Jf&giCf N3 TT8l5y 10 

[0039] 3&fc**M©tt*fcJ:fttf» 5*=l7)\> 
©y^ri7^ ;i^-te8S 1 3l§gj&*.» £SS 2 MS 

ijgbfc^n^n©^l ©#XD#— h£8f^. sgi 

£±1*^ 27^ ©#* icte^n-^n©^ 2 ©** © 
#-hfet*ns. sgi*s<fctfSg2<z> : S-: 7 ^ JV^— ©S& 

2©2t©#— h<D^%<D'p1S.< £:t>Sgl©#-Haj2ig 

iy;s27^M-(i -tn-en. sgirai£&#i£<bsg 
2 m mk&m \zt>ti z> m mmm &mm-r * «t 3 \z mm a 
n-5^ti^nroBAWR-scFiHiss*#"r^. 

[0 04 0] ?Zf)V— S"7 w ©31 2 jM§iZJ&Ai§ 

©#©#— h t-^-n-^n©^ ©**©#— ht^O. 

&7><)V{?— ©Sll ©#©#— h©-5%©4>&< <fc*>|g 

^;i^-©!g 2 ©*t©#-btt, 3£§m^B©§mtsa$ 
s©si*J;a : 5S2 7^M-ii ^tven. fg3/i?g 
«k 5 crarasn-5-enifn©BAWR-scFisiB&**-r 

[0 0 4 1] 40 

[fg9i©*;6g©l^] 8stt©EM£#R8UTK*£>&v * 

[0 0 4 2] *5g^©^ffi©»^bV^ig0iJS:IHm-r^ 
S(TtC> 01~0 6tC^-T/'\*;l'^#tt^(BAW) fA'fXfe 
3tC^f«^Si^S7^;i/^-(SCF) 

-z>^xmm\zm'Bct^o ^ i~0 6 ic^-rA*;!/^^^ 

(BAW) r/HXCO^TH 1996^10^ 2 BttS^tfX Ju 
ha Ella \z£-DTf&W2tttz. "ffie—tsMS&SJfcfrS 
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[0 0 4 3] 01il2t, g*ffcfc**!W*#lifi28* 

^T. BAW *SSS20«. ffiSJf 22, Jf 38b . «Sf H38a 
(&fc*.tf#U-f 5 F) . miTa5«S124, Sg2±g&« 
@26, K28, I?? - ^7-l">F^40a <h40b . i7-=f 
*y:/34. 43±tf*«36*#*-*. JE«J122te, 09*. 
tt, ■ftffttOnO) , flkfcMftHZiiS) , *5WaSMb7 
;U5;z<?A(AlN) ©±"5iMMI£UTMifi-C**J:3fe 
EWWS^T*. K28«, 2^©I, -T&frS, *± 
■30*«kOf*TJi32*«T*. L*»U ^-©EIJBSrffl 
HTt>±t>. AJbJISOtt. '>U3>(SD, —m 

{t35ii(Si0 2 K #U->Un>(polysi), *SHW3£-ft7 
jPSn-7A(AlN) Sfc. &TJ132te. 09 A 

tt, j/ija>. :xKfc3£SS(Si0 2 K aswatMttfUS 
A (GaAs) d*5>fife-5. J138b 09A.tf> Si0 2 fe-5Vi 

ttGaAs^SricS. TS5«^24«, ^ (Au) , t'J 

V^. tv>30tt, ^tt. ffi«e22©fiEfi4'(cftS©Wi|s|-J: 

tf. *(Au). t'J^fyW. Jfe5^li7^5-7A (A 
1) ^efiE^t) »?J5oT V^. b^b^^e), T;P5 

A tt«mW*S^*^?S: V>#> 6 Tfe ^> . =rrt<i X 20©M 
@38b t32«*— ©HtUT5 f A-f^20©*«36 
-h^^^ftCfiEK^n-S. lyf • «>-Y>FC740a t40b 
d©m— Pt@38a &n^-CX.y^>if*?r?Z\ii 
\Z£.K)Wi&Znz> (^©ig^ SiJ®tC^^;UbfcB38b 
t34*i-C#^>) . *«36tts Mz-lZ. ^U3>(Si), Si 
0 2 , GaAs, fe-5Utt^^7.©<t'5^:#ifsf^e»J56;S. x>y 
• >F740a t40b ©*SrabT> S«36©— 

#tf3Ly^>>fi*n. mmtmmz-tiz&Lm-znTvm 

■pfctx7-^ty7*34*5«SE5n4, 

[0 044] 03 (CteBAW *|g^215:^-r. BAW 
21&01 (C09^-r-5*S§gtC«^UTV^^ 1itt^39 
*i#Jn$nTU-5>. *H^21©©jS*, K28©fiE^t5tC 
«tt@39$:»S36±lCfiE^-r^o *ISI©t^T*^ 
^atlfc^:, x>y^- C-f >F"740a <h40b ©^Sr®-3 

-5. «M*lB39*«»DI**»nTV>*IB, S32*iEESB22* 

[0 0 4 5] «@24i26(CfcfcoTE$to£n-5^J£K:j£ 
SLT, *SE»20t21©3R*K:»bTEE«JI22»4aE»* 
^ttST. K28iXT— ^Vv/^"34<i:©W©-f — 7 

EWSntI0i28©^A5. d©J;5l-UT> 17 
-^^y^34tt. £E««22^*ajbfc«»**«36*» 
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[0 0 4 6] 04<h05tt, fc^-0©TA'-fX, -Tift 

T, BAW #«g§23a te:0 1 ©BAW #iS8§20©#tj6£*Si{Bt 
©#tig£bT<^5. ^28tX7-^^<^7'34i:^ 
#@5 5-70»C^OSx^nT(.^„ £©#§ = 5— 70 
«. BE«J1 22;G*£^fcii Lfc81!j££«36^ £^#±#81 
-f •5fc©-C&-3. LfrLfr^'i), xA-f7.23a tmW.<D 

7.23a ^ragn-r-Si^s^^s-^ictt. iBi-r&fc-s mm 
m £«ss7-'70£mffi24t©p B i ncfs:t7<5 

[0047] %®s.7-jo\tt®;e>m (fct^tf3*^ 

9©JI) St LTfei^ H4fc;jj?t* ^HSS^ — 70te3 
■s>©Ji, -T^fc^> *±J§70a , tpfflmOb , 43<±;0« 
TJf 70£#-r-5. 70a , 70b 43Jcl*70c ©#Jf «*. 
tf. ^AW7©+'frJf St^TS^^© 1 CS?b^KS 
©JSSSritO. g-hH70a t^T^70c ti, 0y*J£, -> 
1J3XS1), (Si0 2 ) , #U->U3X 

Sx^A(Al), ab^>t^i#'jT-cD«k5^:<SV^®-f > 

b te, 09;U;£, &(Au), tU^T>i)), *^>Vitt^> 

^-n*^*.ffi-rigl!lttv g70a , 70b *3imo 
c Kcfc-3T*»W»C»£36^S#8i2tl£. 

x>>5=->^*!^Htb^:t/»fc«)lc, BAW #fS§§23, S« 
36tt, flIAfcf, Si, Si0 2 , GaAs. «7X, $>5V>«1r7 
Sy^JW (fctx.fiT-'l'S^-) ©J;3&, S5<£©*» 
-f > tf-y >7 £J3fOi|£.<r eJ5fe^> *>©-??<& -3 T 

t. ; *>^;u=gHfc$&£±M©«^©ftfcDtc:ffl^T ! fe 

[0 0 4 8] 0 6IC, ^©^^©BAW *ffi§§80 

<DimiW*tt. #igS§80te, m«J122, ?SlTg&«© 
24. Sfl2JhgBS@26, IBI88, *«fc^t*792*J^-P*«90 
**-T-5>o JE«B22, mi*>cktfSj|2m®24,J:26* 
tflSI88te. WlxJf. 2 wm~10*tm©$?iIfrJ¥££8o 
«H*f? (stack) ^r^-r-So a«9OW:0iJx.«, 0. 

teM-r-St'T92©^tt, tfl^tf, 100 Atm~400 um 
©SS^J^o^iT&iSSb^. *&9Ote:0!I*fc£, SiSfc 
«GaAs*#f-5> ! b©TfeoT i b«t^. #H§&80£-hfB& 
S§§20tte. ^ne©xA-f S-xAWT.© 
I£«II22KcfcoT£i;s#S«H»£KMT3£SK > 
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IttXU. #JI3§80©»£. H22. 24, 26. £.£#88© 

s«90 ©t^ e> u d * e. n t* 7 92*^fiK $ n s o 

[0 0 4 9] ±8BBAW #iggg©£-*te. 09*. tf. 

^ g y?^t¥itommjLm*'s;$smmim*mm its 

jgUTfei^o BAW #|gS§te, *II#1S^©& 
®tclS^bfcB?iJ*5ck^M^J^SSr^-r. BAW #«gg© 

xmrnmrnt* 7.<Dmm\z£io &mm\z\tmo. sg 

10 Hz~5GHz©^H»Ct)fc-S::t^ab'5o BAW #^§2 

CD-I" >tf-y>X U^)l/ttr;H X ©ttfe©HStT * 

So 

[0050] fc^-oo^-f ?\ -r7St)^aes^S7 
^;u^-(scf) ©baw z&mttammm&^-tm 

8~01 3£#H8b&**Sl&K.-r5 <> 0 8i@9tH 
flt^MSSS^^;^— 20' Sr^-T. SCF20' ft. B36, J 
2, 30, 24, 22. 38a . 38b , X7— ^^^^34, 
tf^v^ • K7*f > ^^403 t40b A^i^Sni)^, C 

ne.«±iaBAW ^s2o©«ij5Et^bTv^„ cne 
20 (Dm\zmz--c, mmmm^y^)^-20- ±ibbaw 
$immwv>mm.MzmMVTc jtfttitLxfflv^^ 

2^KS®26' fe-g-tr. SCF20'tt*fc, «@26" Ji^«fc 
^JE^M22gp»±(ci2g^nsiiJjnJEm®23 i b-&tr. SC 

F20'«^e.ic:. &Mmizv>m.±Mft±.\zmw.znz>'%z 

±mmU25&^tS. S^25t26' tt, BAW &|gg§20cE>m 

fc. BESM22t23tt. BAW #fi!§20<Z>JEmjf 22<h!gi{KcD 

«S«fcp(C «SI@38a ttSCF20'©ffi©B©eP»5rS5 
30 fc*^T?^:<, EE«M23<h«@25©BP»Sr ! bS-x)TViS = 
ltt^±, SCF20' Offi«e22*J;^23€r-en^ : n^ 1 T8B 
EESB22^i^ 2 JLS|5JEfi^23<»:f S. 
[0 0 5 1] @10H «44Jf 39£lin;tfc, ^ 8 *5 itf 

Bl9©7^';^^-<h^«(bfeffl^M^S7^;^^-2l• 

Sr^fo (01 0lCteS;$n-rv>&l^) 

S-^TSit©^, ^!&B39SrfflVi5. «tt@39*^0 
^n^r^. J132«l£SJ122£««t- S. 

[0 0 5 2] 04 tig 5 ©BAW *fg^23a OSt^iKb 
fc. g36, 70, 70a , 70b , 70c , 24, 22, *5<ktf38a- 

40 ^r^~i^mmmmBmm^y^ )v*-iz- sin 
iz^To scF23'tt^fc. jiJncDjEm«23, . 

26, 43j;^3JigI5«@25 ! b-&tr. «ffi2543«fcm6• 

BAW *ig^23a ©«S2443«tlK26i:«{K©«^* : fr 
TSfeC0T ! fo«J;<, l£«JI22:fe«fctf23te, BAW *ffi^23 
a ©EEflS22i:5Sfe«D^**-r?) i fcOT i fe>«t^o BEtt 

^ste*^' tmmm22<DMft±i l zmw.L* « 
@25«, i£nm23<Dm±w±\zmm.-?z>. scf23'cd«@ ' . 
26* \$&mnm£\sTmmv. ^m^y-ioiu£mm22 
<DUftzm5. ummn& n, scf23' ottKDUft&m? 

50 fznX'ts.<. S23, 25. i:26 1 ©fiP^^Sp. 012 
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tt. SS24, 25i:26' , *5«fctf#SJi38a ©-$#£-£• 
t?SCF23' ©±JfgB#£*-f ., KW±, SCF23' ©JBE«B22 
<h23«> ^-n^*n, §§lTg&JE*JI22, *J:lKJB2-±» 

Jf/H X23" ©#»5 7-70t*@24t©r B 1fC|gtt-5 
JL <h % T£ £ £ L \Z gjf $ tilt 
[0 0 5 3] 01311 ±IEBAW ft£880©ttj£c!:Sf£( 
bfc, *«90. BI88, ^1T«P«®24, ^1TSBJI«S 10 
22, ^5J:Z/lfT92^^6.fiE^ai^a7^;^^'-80• £ 

^©4*i|51£-£trlfl2±gKj£«Jf23, m2'pffinffi2V , 
*«t^3±tS*ffi25t>^tr. JE«J§22<hK88©gE:$h± 
£4>mff26' £IBm-r-L *K«®26' £I£«JI22© 
«5»±Cffi«Ji23*E«"f *. BE«JI23±tcSfS3 

mffi25*s2e-r-5. cro-rAw;*.©^®^' 

[0 0 5 4] 01~B16©BAW #fi»Sr«irr*fc*tC 
«ffl-r*©tnU*«»»tlJEit**i:*fflV>T, 0 8 20 
-013 fcSST*»ffl*t»3?<f JI^-©** ^KitTS 
Ctms. Jttc#^Litj;3«cSCF ©^fffitHl88£0 
1 4 tc^t\ _hj£Lfc«fc5K, SCF tt, «SMB3r^ 

A->*>7.(Co) (@14#I) S»^2 3|?-hT;H^ 
LC#J6!§«&t;HHfcll£ SCF «it?iJ#ig 

±fB©BAW £S&©tt^&N*lC. 

7 ;^-©-f >t:-^>x i/^wi. ^rw^roaw- 
iSOHftTr**. Sfc. ±i2©BAW ftigci^tlif 
fc, S-SCF odS* W9I) ftiWIIiSBfrt'fXOWS 

±.\zmu\sfzfkm&<z>m2 (fct^tf. em. 30 

[0 0 5 5] #3E9!©— ^©ffilSSS&lCRIJI-r*. -ti£ 
lsfc£o\Z. BAW «V^7ft 

&£iSi©ffl& ; fe*loji®lB : «x<;/ s?*ifr3a»1tM*** 

sic, «»ait»7-<^-tt» baw riuc»7-f;u* 

jRfc*-r^t*«T?#*. nne©^.s:#if.b 40 

T> T^l-f *l*3fcttb2r»h#a5M <tSCF "ffc* 
i^bfcBAW *a»fc*Rlt*!ltfcJ:oT. BAW «b^T 

3&fc»b<»*.tf, "W BAW #figg, "#S§" BA 
^S7>fW- *S29i#fctMfSbT#;fc. *36«©:7-r 50 
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tt> nfOit. <B*©BAW HtbCT»7-f 
(BAWR-SCF) 5*/^ ^*fctt®Hf (FBARSCF^A'-f 

X) <tm>, uTi,zmm-t2>&5\z, m%.&. izvzw 

- h * o y-f ft* trfll* ft h # n icfEo T*Hfl;-*- 
■BifctfJ-C**. ^SEWOBAWR-SCFtVW X©BAW &Si 

±ih©, 43«t^iai~0 6ic^bTVi-5t.i , rn© 

*>©K:®<BtbTHT ! fe<i:^. BAWR-SCF^A-fX© 
SCF fit. ±|B©, *«ttfla8~Bll 3KjRbTV»*lr»T 
ft© *>©»::*© bT^TfeiV*. 
[0 0 5 6] #$69!©BAWR-SCF5V'W X©«*ft*Jg^J 

f^vsTSiwrstttc, ^n&©5 I A*-i'x©i4te*3<fccK 

SCF tBAW #e8E8»tt. #5*/t-f *©«««?©#£ 

ic, 7^m-ot w crttto-fewa©) Mitt 
Kiais«bv», cb^v^i-e-wjfija©^^"^!!:? 1 !*^* 
^*-ffi-rj:'5tc, sfc, 7^;^— ©iija*«©±a5x 
v 5?<d±Jj\z y a j v^^rt^ 3 \z-r z> mm 

©rtgpidifijij^BAw pim.%i&mmT2>« m k 

-c ©ffiia»«©TSBxvv f ©T*tc7-r;i'3'— 
S^BAW 2iMm\Zmi&ZnZ>. BAW J4bCT»7V;U^ — 

T, MJiJjg^BAW *gg©it5U*SraiK*J:»?B!Vi«iK 

»Tat?ii«^BAw *«»©atw*iE3&«fE*-r*iit*«^i 

U£.tt& (bfc7&ioT3intr«kDJLei543J;r/Tge©iljl 

?ijbaw ^fiStc:#lin® £^©fcD, M 

J^JBAW *«§§(CiS5iJBAW ^lg^©^-n^n©PJ:07c^ 

BAW *£S©«^^ : JP©S^ol'tTfeJ;^. «SJ?^© 
g£Rtt*©fc£*-£S©:#i££fli^5a>«:, 0tJ^.«, jS 

■3 t *>fBS*ft5 i /t'f 7s ©fijgSrnJtBlCf b 

BJlcJ:-DT, BAW ttb2T»7^;P^— ©BAf *!B»fcW 
TSCinSWRIti©**©***). £ATlc5zfi^-5BAWR 
-SCFxA-f^roBAW^cSStwabT-eFASn*. 
t?-^, SATtcSE^SBAWR-SCF^/NW Z©=&* frot>T, 
"iM^mm" BAW *M8«, "Ma?iJ^^" BAW #H§icfc 
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bawr-scf^wt.**. m&mmM #s»©a&ai#«© 

[0 0 5 7] #BAWR-SCFlHlSS©#ilJiJS^BAW #m$& 
it, BAWR-SCFlHlteJC'&*n-5ffi©E?lJ^BAW 

#:P*8JI#£}tO££:;&*IIi:Ll>,, &BAWR-SCF 
iatt®#tt*l&ttBAW #igS§tt> BAWR-SCFIalSStC^Sn 
Sfl&CDMJU^iSSBAW (feL#ftf^)S^) ©*SJf 

«©ji£ cans ^b«if4ito ci 

ft. 4**®^ «*£*•«*&© 

i^-uk aawftUTWfcft. /v^ss. aa#«x 

Ta&ntfuMstiOTJb^TbJ:^. *-nft, 

S&^SBAWR-SCFtV'H' *©BAW #fii§©KffNcH-r 
${Ct3^Tte\ -r^T©^A*-fX(cS-r-5£AT©iftBjT? 
ttcna-kEft-LftV*. 

[0 0 5 8] t>5— 0©*^6W©ffi«fC<ttX«, BAWR-S 
CFIeISS© 4><i:>Jfi&ftT, &-5t>tt-£-©i5SaTS 

* (it^ij) &Mm$i&'bv<\-$.fg2&mm mm) #n 
H»ft©v»-fn*»*scF a***a-r ££**-<?££»£© 

«B«*ltoJ;5tC, 3-BAWR-SCF|hJS&©SCF £$?ig-f£ 

scf <Dmm^m\^tn^n<Dm^\z^ 

XS*-5CtAt<S-5o ftft#J*©z:©*tt, «Jf#©JEE 

feC©Stt«B#©SO©e©J¥$©IS»wi;-DT-^>LT 
L/*^b^**6, ens© "Jf©M" ©Vi-fnSr 

«wm*Tr»ai:tA«a*uv») &£©j;-5;&8i*&# 

It !c <fc 9 *fe£LT HAH 5Wf 7.§Ji£©^a 

Jf^JP© "ST SriSlt^>^<i:* i a^b<, #BAWR 
-SCF[eJS&©SCF tVC-CT.©^. «t»ISK te&TPTUnM 

\t, bawr-scfxa-t x©baw #fis§©*n^n©igt 

£5£lg: 2 L*Ufe35«6, KTF 

tc$e»tcf¥L,<BiWr ; 2>A^ &SCF ©ttS©?*>©£l>& 
< ifc 1 -33&»BAW &$g§g©mffi£«gte3JP$£>$:?© 

ftiK SSit. fcitf/SfcttftOftfrKAoT. SCF 5* 

*iJi5<ktf#&BAW BIJl£-&tr<fc 
5 (cSCF fc«fiEt5^tAilJb^tn5cii:t)gf 
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5 tc) #SSBAW *JgS7&ijfi5UBAW #Sgg<fc9JPV>lglJI£ 

LH) fc«fcoT, it?iJ*-g>^«^SSBAW #ffi§g©V>-m 
j*UT"b<k^. ££K:> #S§BAW #SS&5MKB£^^ 

(fctA tfr/H 7. ft itteT^ -5 fc* W1« JUT? * * CI t *« 
10 g$l/ir>) lefcoT, 8t»*-&tr!^**v»tt-&S»:Vi«k 
ptCSCF **Wrt"*C<!: , bTS-5. dtl^©^^©^^ 
nt?$.n, ±lcB«bfcJ:-5C» BAWR-SCFIHB&© "IS 

ft" (fifrWjRftT. **vi«-t-©i£ar, x# cac^U) 

t>ttJB 2 <«W) £ftMftft<Z)lr> 

&BAWR-SCFdJS&©SCF ^KitT-a. 
[0 0 5 9] SCF ©JBEttJf ©JP££BAWR-SCFIeI8§©BAW 
#jg8&i©IH©HffiWu SCF #BAWR-SCFIsIS§ ©<*>'i> Jli£ 

20 j&MCglUT, 02 4~02 7*14tS5CJ:<I»T 

[0 0 6 0] @24ll BAW (A) ©J122** (T) © 

m& SCF (B) ©Jf 22£23©&*7^n^n (T/2) 
©J¥^^JtO^-&(CZ?^T> ®*©BAW *SS§ (A) ©W 
J1#©EE«JI22 (ffifi±, ^I1(A) ©flfi©@tt^bX 
Vi^Vi) tfi*©SCF(B) ©a^^=©/£«^22t23 (M^I 
Jb, SCF(B)©ffi©^tt^UTV^^) &&m-?2>* E2 

5 «b zmy-t ;^-©baw »is^n?n (T) 

©JP^S:Jtt3ffif|g*-g-tJ ! b©t{g^Lfc«-&©BAW tt 

30 L^7-fM- ©asw^^is^ (A 1 ) $r^-r. m 

igtlS^S(A-)tttf^JSIS(n)^oT^^. 0 
2 4©ffi«Jf 22<h23£JfOi@^©SCF(Bm, ^SiRtSS 

(B-) t (fi) ©a»#*«*****ia-r. 

[0 0 6 1] BAW ^(A) ©^22*«tDtSC 

F(B1) ©@22t23©=&>!r^n^ : n(T) ©JP^<&^« 
•g-tC-^ViT, fi*©BAW *^H(A) ©ffi«Jf 22<hfi-<r © 
SCF(Bl) ©mS@22t23*«si*-r'5. SCF (Bl) it. M2 
7C5ti5t ^Jg[R(fl)T^2S;^*lS*^. 
(f 1/2) TS**«*ito^jSR^ (C ) ^m^-m 
40 T. ««»**(A , )©-»»t>. E2 5Jr^$nT*3 

[0 0 6 2] ^n^*tl©BAWR-SCFxAW7>©S^*^Jl 

ife^TscF fim*&m-c\ttz<m2&ffl$i#iM&mzhai 
-r<t ^ ^^^©BAWR-scF^N'-r x^eteg-r-s - 

$UVi>„ ^tl\t. SCF 7i^^A*-f^©s«4>^SjfeRT 
JS 2 &M&#W.*:m*Bi?m&\Z. BAWR-SCF^AW XS: 
S}ifibB^<tV^Sa<C«i:-5 ! b©-Cfe?.. «BJA^> BAWR ' . 

-scf^aw xo+^HafeftTS+^sse^mr £ 5 ^ 

SCF Sr«fi£-T'5ii^{-^V^Tli. ^tl^*n©BAW 

50 43=ko:scF ©Ta5«®^^-&tr^n^n©BAW*igs*3 
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.ttfscF ©^n^n©«jf#©#**rai$fci&ffliL^E£ 

LTtjiK LfrLU&b* CCD^^SCF ©ffiSB^BA 
f *S»©JEflJitttft*:*»S*«f-3T^<50T?-, BA 
W #ig3§£:SCF ©ffimJitSIWCJfcKTSCittT* 
&V>„ UK. d©«£. BAW *S3g©¥— JE«^ Zf&m 
-TZMfr'&CD^-fnfrlZ, SCF ©±SBJE«Jf £SCF ©T 
gUB©±(C^f-5^g*^^. £ntt©iilg£?£$t 
t;L, v;*£7§J#a:g (masking step) ©Hfr2S$£!&g 

[0 0 6 3] SCF **BAWR-SCF[hJ!&© & « 

(f>^JSicT^ 2 JKM&£fi*ffi'*~ £ 5 f'S-BAWR-SCF^ 

&©JE«Jf <hSCF ©TSBj£liJi£#trBAW ASS&SCF 
©*ft*tt©»fc«SWZRP*fcJ^t-*C4:#T?* 

S^fe-r**. (#5£9§©BAWR-SCF5 f A-f *©— -O&M 

a*, ^-n j ?n©BAWR-scF^;N*-i'x©s« "KfT *t>>bm 

*»T?. S**J:tf* 2 AS 
©«Pife*Jg^iSia:^^-rj; 5 tCBAWR-SCFimK*S!iS-r 

co o 6 4] z(D&2ism®.&Mmmmztev%sz? f 

A*-f X©f^ffi (COViT. ^^©BAWR-SCF^A'-f ^ ©14 

tSigtcH-rs t> 5 — s>©*^bj©^«$:^ 

T-So ±ga©«t5{C, *%9i©BAWR-SCFIIH&©Bfi&lM 
BS-fb-r-g>fc6e>»C, BAWR-SCF[hJ?§©SCF tV'H' 7.©TgP> 
«f«. fe<tO:J:®liS^n^n©BAWR-SCFtBl!S©BAW 

#iggg©^n^n©«® <fcgHH©jP3 j: £*tas 

SCF te3 0©SffiH£^tr#» — *BAW *Jg§§« 
fcofc2d©tIIb^Sf, #l*.«ft#200nm ©1? 

^*^cit©T#sjii)n©scF mmm\t. §it 

An6n&^«£***&JS&gC©g (fct^fcfBAWR-SCF 
5W X©ttfg(-M* b < tt«r»i*#S-**.<& Bltgtt©* 
51) TBAWR-SCF0&©m©+<kja3SISSc£«g&3# 
|gJS?£!S:£SCF iCfi^iiJ^-Br&H. b^b&*«e., -hlC 

^J:^/*fc«ffi©il^ (fc£*.tfSCF ©ffi^©l^© 

^#ttj»sK»-r*«i6'±©iHW) sc 

F xA*^X©ii^©l^>«±^BAW #JIgg«ffi<t«SliC 
»{C^7S:-5»$^JtOcfcptcSCF7 i /N*'f7>^»!jfi-rS!^ 

* i oK±©a^«tc^fc-&-5ct 5 {c-r-5«-& 

£ns©?F5£±£43«fctf/3;fcKiJP$©iS©;fc 
#fC, *n^ft©BAWR-SWIBI6© £tt 

i&iflftJS8E»£SCF fc«*tHS-&*i:£t>*D»S© 

ZS-Z.ZCiitfvimtttZ^SlZ. ^tl^n©SCF z®. 
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<hrt*j&g&«-&fc>&5. £©±3 f&©SCF «JS 
fif Ofc£*fcr. BEttH) OfSOilftCioTTttft 
<. SCF ©*|H««Sifctt±««i©*3©*j8ft;K:J: 

a, £©#i3S0y©«^ baw *ss©^-n^n©jE«« 
^j:z/scf ©*ft-en©T«EE«»tt , b , fe3AA baw 
ssgtscF ©*n^n©T*««©#**rai*fcj«ire 

10 ») . -jgr. *m«C£JkflNHra*<DJI#t "SjSYk" 
J gl3.<E>^V>mMifr£fttz.m\t.. BAWR-SCF0K©BAW 

«©ra E-t-n-tn©* t «s^sjp$ s 

g&5JP££J#fc-f, Eli© 

20 *©«jfiistt— jRfcb-steaictt-s. 

[0 0 6 53 scf atma©#*»*ft*s*w-fr*«i:5 

«, fflV»-5Sifi*^Kil©»fli$©a*, *<tCK«® 

"biv». scf ©jt»«*©i»S3&»«aflsan. scf ©^ 
ia«iffitTwm«i*«BAw*igsssi©jp$ \zmw.vtam 

S*j#0«J;3»C«ri6SnT^««^tCO^Ttt, =&SCF 
30 ©&BAW #SS©*.tg&Sffi#J:tf't'ISI«ffi£^8&, BA 

w *^stscF ©^-n-?-*n©«^^*rap#{cMffi-r5 z. 
co 0 6 6] scf «»»fa©*tB«*»[*a*iH-r2:t* 

BlftgKT**:©^ i^Ciotll SSB*»^fcfi& 

©scf anwojpsfcftaft-rsisa^***^*)** 

•3T, SCF ©«®^BAW *fi»liO**l:»bT*t 

K»<-r*^t3^B*an, cnic«fct>T, ma©BAWR 

40 Jl&S§:©Sfc*ttffiiS:$nS^2igiSlfeJf&^«:SCF fC^ 

^as-a-scticttstfijE-rntf, scf a«»fa©#« 

C 0 0 6 7 ] eATlCKE^-SBAWR-SCFtelSSSr^y U v"V ^ 

maiHiEstbTia3i-rsci<i:75tT#s. *st^^«> sue 

©■tn-tftOtfi-AiKJBjfcSftSBAW ^JglgtSCF 
»j«»a*«OJ;5fcC©BAI»-SCPia**«JST*:it 
t>T#*. *fc> ±iEbfcJ;-5»c:. e;Ttcig^SBAWR-S 
50 CFlHlgStCtt. 0 1 ~E 6 {C*t"±i5©#* ft«3S©BAW 
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xmrno^-rn*** &tc. m 8 ~h 1 3 (c^-r±fa© 

#BAW =H=«gg£SCF Wu 0 1 ©BAW #M§i2O-t>0 8 
©SCF20'©J;-5& Iftjfi (ffcto-fe, 

*$tf::£j&«T**. «*tf. #BAW * 

ssgiscF ^^-n^n, bu&hi iK»T57*-f*K 

X) ff57-r/HX$:fflV^ 
«*fctt, _hi£© «fc 5 C»^BAW*Jg{g*iBAWR-SCFIUK 

■€-n-tn©BAWR-SCFia»9^H»BAW 

[0 0 6 8] BAW-SCFBfefc*»5 5— XSffiffl 
tSutKit), flJ^Ui,'' BAWR-SCFIsJfSfcffia* 

©WjfltfcbT. f»5 7-T/H^©B5««. ftS©SSi 

m n # £ <^ 5 c i s . 

[0 0 6 9] ^©BAWR-SCFfAW^Tff 

= ^-^AWx£&jBt-£2£&-£>*iJ£tbT, bawr-s 

CF^ A*-f X S&-e£ b# 5 iSSPife Jfcg £ MStr * © K « 

©0!!T«, WTCa^SBAWR-SCFTV^XtCSi^T, # 
SCF ©JE«Jf tt. -^-n-^ntDBAW &«§§©«* ©ffiffiH 

©jps K:^bv>jp£ ^n-enit -ptv^ t<s^^nr 

US. *(Of&Mk, #SCF ttBAWR-SCF^A-f X©f 

fe, BAWR-SCF^A-f 7.©BAW ^IggiSCF Kt«»5^- 

mz^fr. ao, «-^=5-ptt^-n^n©BAWR-scF 

^"W X © * 4 # © 1 jfcfi (fc t * tf A /4) 
©JP££rJ$o£<g5££:nTVi-5. Cffli^. #SCF «, 
BAWR-SCF^AW X<D*.L-m&ftC<D 2#© 1 KS^bU 

^ r 'JTXU7.#>7.«:§l#®'-rcitfe$.?>. SCF CD* 

*&mm$L&-z* ^n^-*nco#@5 5-^coiP^ttA/8 

te. *#$^-©g-Uf £SCF ©Ta$«®<h©f5a©-f > 
^-7x-XICJ:oXSCF ©JS^liejg^fta^TjgK 
#t£n-£>#Sx*;i/=t : -©fitt/J^u <) ^-co^tb 
T> -?-©S:*:*igJli£!&T©SCF ©X7"'J7Xl/7#> 
XlilSSft?.. BAWR-SCFUJg&at. 5-*}fi©ft 

boc "raant" ^-rycD^jiSr^tf^^ti, scf © 
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«fcU. fcfcU ^fc<<hfc^©««lttBAWR-SCF7W 
7.CDBAW *JiS(C c toTfe#^.e»ns. 

[0 0 7 0] PCO^JtUT. SCF ©#ffi«J8#, 

BAW #*»©#fl*©ffi«Ji©ffS©2#©lfc:«ffbV> 

»s*»o;:i:a»fi63nTws. ^©i&*, sc 

F **BAiR-SCFI3IS©«t'^JS»ftt?»**fifewf C 
{Rj£SftTt»*. £©*£. BAWR-SCF[sIg§©SCF tBAW 
*Jg§g© AM&ilc&ftt;* :/ U 7 X bX # >X £ 51 #ig £ 
"T^ fc£U BAW*-SCFiai&©*i&HttRJ:»J 

10 <ttV»H«R"T?tt:x:/'J T7, bX#>7.#£b5 C tteifc 

o#ftu. «*tf. scf tBAw #«s§©?g 2 mmtoxm 
mfc&-Z7s7VT7>i<>7>tf>7>tf£.V2>z\ttf&z>o sc 

F ©£2Antt£&Mftft-rSCF ©#®=7-JlteA/ 
2tC^bViiPS^^, «±W®5 7-^<hTSB«aii: 

^e»$n-5. rnici^TscF <dx-7vtxux-$> 

[0 0 7 1] ^I^COBAWR-SCF^A-f X©SIIcKL,T 

-sv^ascF) « i -o&,±.<d yzT&^tsz. m 

ffi(C, 1-^coBAW ^)5Ea5iacoTSI5«^*fctt't , M«®^ 
!V>5Ci:*«-et5. fcb, BAW 

^LTV^nti> BAW «^S^fiS;6PffiC0_h 

[0072] y * »*-f*iU<DW.Fmm*misa 

baw #}«a5a©TSP«ffittt>iai«at©na. baw 
mm&&e>T&nmt±mnmt:<Dffl. baw ^fiEgpaw 

^ratt^i-tgpm^tcora, ^ctl^BAW fl|j$tfa®Tffi 

[0 0 7 3] l^SJibT, E2 8IC, SlStC^-Tfe© 
t^©, BAW \$l,z:My j )V5>—44* ©!elSS0*^ 
-T. 02 8tC*5V»T, BAW ^Jgg§43©±g|5mS (UE) *7 
50 ^Jl^-44a ©7,**«Jft(In)K«ISb, BAW *Jg^45 
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i:46©±aMMS(0E)*:7-<;i^-44a ©fflaSMMS (Ou 

t) k:»bu £tc. baw #M®46<DTwnM u) &m 

f§42, 43. 45, *J;^46<&7-f ;i/*-44a ©iWc&gg 
vlOieilc. 7w-;U^-44a ©^jfitCis^T, BA 

1 *«aM6CDT»«a(LE) t»«l»«jfi(GND) tOBIfr 

2 8©|eiKHt:*V»T7^;i«' "V" T?»3nTt»*. S 
D©#^§§42, 43. 45. 46©3S9©«i(LE) £ (UE) <h© 
m®£fMft<bH 2 8 Ici^ntV^. 10 

[0 0 7 4] fe^-OCfttLT, 02 9 1CWLT, m 
2 8(Dy^ fc^HUfc. BAW \th^y^<)V 

^-44b ©@Sg0£^tV i 'L;^L&a*'=>, 44 
b ttt. 7>f ;l^-44tC<VBAW #tgSg43©Tffl$«@ (LE) 
£A2jg=l^(InH;:»s£, BAW #«S§42©T6&m® (L 
E)^^g^(GND) (Cjg^L. ^LTBAW #ig§§45£: 
46©TS&«@aE)£ffl#«;gt6(0ut) KjgSrr-S.}: 3 
fc, BAW 42, 43. 45. 46ttgeB£nT^5. 

Cl©iHMt?tt. 3^3©lfTVh V2. V3*7^;U^-«jg 
PUzmiZ&mtf&Z. y-Ol^—AAa ©h^diM"© 20 
*^7>r;u^— 44b © hTpaiM iOSSLt^t^ 
5. ft-tf&e.. 44a 44b <fc 0 

[0 0 7 5] $ LT, 021 ©A 

^ >x© tn&7 w 47ic^©A^ >x©tnfc 

47a <&^-r= £©0!lT«, BAW #|gSg43©_t 
eP«S(UE)^A^«^(Inl) KfiiU BAW *JII§48 

©jtg&«® arc) ^ xtimm& (in2) tcs^b. baw 

1846 £49©JbSI$®@ (UE) £ffi7j«J0&,£ (0ut2) KgiigU 
^LTBAW #Jgg§45©±SBSffi (UE) tBAW #tg§346©T 30 

ssmaaE) ^tB^^^(Out) [zmt£-?z>±z>iz. baw 

#ig§S42, 43. 45. 46. 48, 49^7^c;U^-47a ©F*J6B 

[0 0 7 6] EATC^SBAWR-SCF^A-f *©«!*&* 

##ff-r-5;r<h;&t-e^&«fc-3tc. ~ne>©5VW7.©BA 

[0 0 7 7] *^l^©BAWR-SCF5ryt-fX©fil^75:*JS^J 40 

j£$ nSBAWR-SCFxA'f X ©S# h # n ^ .£j$-3HJ& 
©«P60#3S£nT^5. Cl©lHlgS. -T^fc*,. BAWR-S 
CFESS (^fclixA^X) ltt, ( "tfST ) BAW *H 
§12. ( "SLJU" ) BAW&SS3, 43£ZMJI9liA:7 
^^-4^tt5. BAWR-SCFxAW^ Itt4#-h7 : 

j£) (PI) t (P2) h (01) £ (02) Z^tiZ V 

h (PI) <fc (P2) 14. «|>t«50^— A^-hT* 
0. #— h (01) t (02) t>*fc, mtf, 50^- A#-h 50 
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-C&Z. MH±. SCF4©±g&mS25, TS&WI24, 43 <£ 
tf+WWKe* ttfefC, BAW #Hg§2 t 3<D±$>nU 
26, Tgpm®24. *J:tfEE*Ji22©**. 13 3 3 ©ESS 

[0 0 7 8] *58M©ffSbt»Htt«K:*UT, BAW * 

ssg2©«^26i:24tt, ^n^*n, T/HXlom^i 
(i) tmm&iGDizmmh-c^z mitiA<Gi)w&m+ 

»*»«UT^*it*m*Lt») . BAW *HS£ 3 ©_t 

a5«^26 i b*fc, (i) ta«rr*. baw^»«3 

©T«5««24tt, SCF4<OT««*24klillS-r-6. SCF4© 

^mmmr <G2) tairr-s (se&js o t>& 

ffl^«ife«^bT^^eii:^M*L^) . SCF4© 

-h««a25J4*«jsc (on cairr*. baw *m§§ 2 ©t 

ffi«S24*tttlfettlgjA (Gl) fcjg*UT^*©T, •?A*-f 
X l©«|ji{'«tf7«rlS^-5. C©t*7tt^^;l/ "Y"T 
H3 3C*b^nTl»4. iB91±. BAW^«§§2t6 
AW *Hii3 t^S ttbX "L-fe^^>h5" tB?^ 

[0079] i3 lt032 ^-5Cli:^J:DBAWR-SCF 
^/N'-T ^ 1 t*7 (V) ©^«l^^g(C*lT-5S^ 
*$6tCJ;0^<#-5^<h*s-r#<i:'5„ i3UI32 
tt; BAWR-SCFIaIg& 1 ©BAW *iS8&2 ©AS!W^ii©«i 
Stffi^tfeOT$5. 03 1t@3 2*lTi5J;5 
tC, HCDWOBAW *«»2»4, «*Ht«jg*j#^. El 

©baw ^mmo^mu^tcm^tSo m3 2tctfT(v) 

b*T(V) ©rtSBfctt, *JgSg«jfi©T8Cma 
24i£:BAWR-SCF7 ; /N*'r X 1 ©jgM,6 (Gl) (0 3 1 75S 3 2 

[0080] mmm 3 3 z&m-rz t, ±.ffi©ttt^tj; 
tifcr, baw *«§§3(cj:oT«*m$n-5ie^j 

*«tr^a&5U*lg*<, BAW *tg§!2 l:±-3tI*.UJ^n5 
^T^>=fcp fc, (jS^l) BAW^lggg 3 teBAW 2 J: 0 

<j;n«, baw *«»3fc«fct>T**.taan*afe5U*jBo 

>?©±*tcy ^fc, BAW 

2{Cj;^T^^m$tl^il5l]*S©&«i)(C, TA'-f7 1- 

mTZ.£.iZf£Z>. ^f c , BAW *JgSi3©jS?iJ*g<i:BAW 
*Mg§ 2 ©M^iJ*il<httBAWR-SCF(H]S§ 1 ©>f<il>^jS|gcifi 

scf4 «t« 2 «mtt^fi^^-r =t e> 
^;W7.2 ,3,4 **sK-r*ct3&*a*u^. 

[0 0 8 1] 13 4H l)S«25MHz ©#«"Hi:*«l947. 
-fXl«$nx^T, 2)f/Hxl©#-KPl)i: 
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(P2)*»50*- A#-hT'*?K 3)7m^lffl#-K0 
1) <h (02)^50^--A#- bT&D. 4)<B*©BAW #tg§g 
2£343«fctfSCF4#, -tft-fft, «3> *54C^ 
$nTt>5@££&OM£^tfftM«&«^©BAWR-SCF 

UtiatflteiM' XS J&Ttf* J: 5 KSCF4©TIM3± ±95 
JBEttJ122<!:23©€-*teU BAW 2 £ 3 (D^tl^tlO) 

ffi^22©JP2lCl?L^;P;*£J$oTV>3. Sfc, SCF4 
©^ft® (igi&nm 26' «520nm Of^^TH 
-5. me.CDJl;*£J$t>£ ttCiD. SCF4«BAWR-SCFIU 
SSi<D4 J 'L"S&iS:T^2ffiBl'^&IS:^-r. d©di: 

■s>. 03 8\*sm<Dmwakjfc£m<Dfr&m-to ms\z 

«511MHzT?S**^^, &&BHT947. 5MHzT^2SSPK 
^g^^-ffi-T. 03 9 Id, BAW ^£§2 <h3C0«b^r 
7fcl2g (Lt^>h5) ©Jfitfcgt^g (FR1) *», SCF4 
©Jfi&f&Jfcg (FR) ©±KS:taT^£*lTV>5. 0 3 9 * 
^TSP-SJ:^^, SCF4©#SHmim, BAW#fi§§2<i: 

3<?>uvz:&mm (Lt^^>b5) ©^jui&gtcgi 

[0 0 8 2] 
[3t2] 



10 



20 



30 



32 



fib 



fib 



as 

s 



§ 



ta 



[0 0 8 3] @34t, aii»«O±«Xy5?<0±*Kl 
40 &«^5/y?(Nl)fc<fctf®®»«©TBBx^©T;5' 
CftBT -5 ^ y (N2) /yf (Nl) teBAW 

3 ©il5llftIl:J:-3TSi;, (N2) teBAW #SIgg 2 

[0 0 8 4] BAWR-SCF^A'-f X 1 «, t&JAfcL 0 1 6 © 
m*<Dtil,z:&7<t)l'*—4\ (Jl©7^;U^-41ttBAWR 
-SCFtVWXI £W*&D» SCF4***ft<^) . 

50 JS*41' <t<@>!r CDSCF40D^i^i&fS^4a' tfcMta^to* 



feBAWR-SCFHSS 1 ©HSHWSSfciS-r. 0 3 5 &M,Xffl 
-5 «k 5 iC> BAWR-SCF0S8 1 COBAW 2 £: 3 tt, 

«xy S>£ail#*©_tj&:fe J:ZTF;&fcSV» y^^tS 
ftort^nTigtc-rs. SCF4&, rW7^ M 

n*HJt**«lJ:»)**ftlBif:««af (fciAtffKW 

[0 0 8 5] IM>*»^»HWfi!>»ffc:J:oT. 
(PI) t (P2) t (01) t (02) ©ttpVi-rn** &BAWR-SCFX/S 
-f 7- 1 ©A*#- h£ fcttffi'**- h i: bTffl (^5 £ i 

(PI) t (P2)*^5p-h (dO t(02)-sO*ffi]fCfc> 

h (01) £ (02) h (PI) <h (P2) ^©>5rr6]©l,> 

-Ttl^fc, BAWR-SCF^A-Y 7 1 ©F*38BT-©x*;i/=£— CD 
ejMSr^^rtJ&tT^-S^&T^-S. X*;l/*— SrBAWR 

-scf^/w 7 i ©fw?, w^Fift'seai-r* c 
■scot, x/t-f x i tt-t-n-^ncoig^-fcrafiifcaiigL, 
-€-nen©«-&ic (±e«» i^D«fg#'tt*s*-m-r. 

[0 0 8 6] **WO»*UV»**«fcffioT. BAWR-S 
CF^W* 1 tt*— ©■? a^-A±lc:«J«$nT*0 , ^ 
3, S4, ^5 »C»J7 h%nT(^-5Jf £-§'tr.!y.T©7'x- 

[0 0 8 7] i. *«±t^iiRB*fiKi»-rs. im 

Jifi, «sj^«> 62nmCOP$?r^f^Si0 2 d^)5ES„ 

[0 0 8 8] 2. ilII±K:$2jeM^RU #S§ 
BAW #S&2:fe<fctfSCF4©g9©«!JlSr£7^7' , 3~ 

bfcii2iKJf ©^<c>^©8S#£i&9isfc<. ^n<=,©gB 

#©±K:tt, #g&BAW #IIS§2:fc«fctfSCF4©Jf £-£-n&!. 
±fiSS£bfc^. $2lltt «*.«, 213nm ©JPSSrftf 
^SiOart^J&S. 

[0 0 8 9] 3. t. 2-TJgf$LfcJf CD±fcm 

ii^ll, /1^->fc-3< 9 BAW <h 3 COT 

pflm®M&J;c*SCF4£J£j£T-5,, TflMMMHU «*. 
250nm ©/P££Jt-£Mo/0>6fi£<5. 

[0 0 9 0] 4. TBB«ffi»©±t;:ai 1 JE«JB£fltl8l 

b, a*->£o< obaw #mm2 1 3 cott«g*5 

SCF4©TSME«B ^fiTTS. iin£>©J£«Jl«, 03*. 
2362nm©)P££:ft'&Zn0 ^SJ&So 
[0 0 9 1] 5. &©77 L y7'' 1 i:bT, ^A*-f7 2, 
3. 4©T»»©±fct>5— 3CD«*JI*J««U A* 
->£o< 0SCF4©* BAW #£^2 

1 3(D±\zj$.m-zntcz<Dtfimnmm<D&tt\t. x^ 

>^»CJ:-3T^0^ns. £©«SJf«, 52 
Onm CDJP££8f-£Mofr 
[0 0 9 2] 6. ^T^y^te, SCF4CO't'P B l«®CO± 

2EfIli> 2362nm©JP2£jr£ZnO a>e>J5£ 
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-So 

[0 0 9 3] 7. #;<DX7-yZf\Z. BAW #JI8§2 <h 3 i5 
<ktfSCF4©T6BB±C£ 6fc*«SJI*J*fltL/**-> 
SrOtt, -^ntCtoT^A'-f 7.2, 3, 4©±gBJl£rJ£ 
tftSCtS^tf. ±9$«»l©JP£te, 250n 

[0 0 9 4] 8. ££>&57-7 L y7*W:, '&Wfc®-&iZ. 
tt, WSE0^7 l y7 r T»J«*nfc)iO±k:ff«Ji*JS)Sil 

Tsc: 

10 [ 0 0 9 5 ] fg* COBAW #g§§ 2 £ 3 *«t ^SCF4*»«*» 
W-«ifi**tr»^K:&» 75Fy:7i©Sfcfi6<k0ffiK:, R 
Bt^SBco^tcg-^coHPgf (-Tfcfc)^ &) 
b, ^Xy ^Xy^>^^cJ;^T«ttJl£^lx9l&<75 : - 
[0 0 9 6] Ri£>*»^)60llfllc£.lt Stl*« 
JEO»jft*J6*4#ttR:J:-3T. *%WOBAWRSCF ^A*^f 
■ 7©>fciO©, 0 3 3 fcjSSnTHS h#D-;-f K^COflS 

947.5 GHz izM^VT 
20 tr>«25MHz ©a»#*©*W*«Dftt> D fc, 947. 5GHzlC 
*+bTt»*5Wfcaa#*©lMMB) SrS^-tB-rctj&i 
ifJSfti^, Lt^>h5 *»rit-r*BAW ^Sl§2 <h 

3*« mmzn^ztzm^-c, 03 3cotmKtc!® 

<HbfcBAWR-SCFIsIK&K^-5' 03 6ICO 
liTWA«, «S|ibT, 03 3C0L-fe^^> K 5 (hHI 
bT. BAWR-SCFIU8S16COBAW #JgH2<h3rf>* "Jfi" iSS 
d <t ^^(.^T, 0 3 3 CDBAWR-SCFIalB&KgHH bfe 
BAWR-SCFEJ»I635«ia:^6n*. lOEiTTtt; BAW AS 
S3C0±^«^26«, ttttjKdDCXIib. *fc, BAW 
30 ASS 3 ®Tff*«24tttttt£ (12) izmm?*. BAW A 
|ggg2«, ttttjft.(I2) limUtMA (Gl) tcop B 1{cSigg-r 
So BAW AISe2ti!}TV««24H:ttttjA(I2) tcjg^b, 
BAW ASSS2 <D±ff«i26attttttttjA (Gl) \zm^t 
So SCF4©T»«*24f4tt«j«(I2)fca*Sb. SCF4CO^ 
F B ^1!^S26• »tttttttt^(G2) tfetSb, fLT, SCF4© 

±ffi«ff25tttetftjA(o) fcggg-rs. 

[0 0 9 7] BAWR-SCFIsIgS16«, 0 3 3 COBAWR-SCFIhII^ 

ff«»-r. BAWR-SCFBK16©*+*^f«ia»*3RrH 
40 3 7 &M,Z>Z.tlz£r)Z\<DZ.M±2iZ>\z£<WmT"£ 
*. C1CO^IhIS§«, SCF4C0^^Ji[lI^S4b• . 2\ 3a' 43 
.tZ^BAW 2t3 ^^tl^n^tJo SCF ^ffiI3g§4 

V <Dj*&*\K~s*>X (Col) tt, BAW #igg!3HffilfiI 
K2 , C0M^J^^Av'^>X (Cop) tMJiJC^-pT^S. 
*©H*, BAW *a»2 0*»«W&K**/'<3'jr>;* 
tt> (Cop) S:ttfC«koTpI«$ns«tet)tc^fli^^A 
->^>7(Cop) t(Col) KlAoTBDftSn*. S&, * ' . 
©*t», BAW 2 COiS?iJ*li«, ««-<>^^^> 

7. amp) *5«fcI/^fB+irA->^>7 (Cmp) »C±oTPi3£ 

so an, (»K)BAw*fi»2©afew*«*«. «ah 03 



3 ©BAWR-SCF|hJ!§ 1 ©BAW 2 (C«t^T^*-ffi$n 

cntt. BAWR-SCF!eJ8&16©BAW &ffigg-2{C 

l&X^ h;U±T. flAtf. BAWR-SCF0S& 1 ©BAW &S 

WMDAWftSW2®JP2«t, »r 
»©*W^H**&«*ttJT£ £#T#*HAWR-SCF@ 
8S 1 ©BAW #^2©ffa±DaSfc**r»*/jNS<ft<5 
«k-5fC, BAW *JgS2$Mig-r^,^ttCctoT, BAWR-S 10 
CFlHlttl6®MW £S8 2<^tt^#SA&ft*s, Bfa©^ 
Gfc£*tf. BA^-SCFIhISS 1 CDBAW #g§g 2 © 

A-f ^©«JMfJ»Kag^»rao*cfiH«ft*BAW 5Vt 

S»M#©JP*S*<&.5J:£fc.fc-3T, BAW ifcUgg 
2CDE5!I*|g^jK»**«ln-rS. BAW *S»2CDje?!|* 
«jSi£lifc«:BAWRSCF @K16©aa#«CDT*fc>'y5 t & 
£C£it3©T. JlCD/y^^D^SiSScfeJiJnb, 20 
BAWR-SCFIilSSCDSjam^CD.^^ilBW, BAWR-SCFIhI8S 1 CD 
aWFttettlMKIIls'r. &o<i:$)E<& -5 

[0 0 9 8] 04 0 *4, * 5 fc-t-:fH?fta* 

■TJPS&i$r?a*l)5 s AH , ;*3, 2, 4 2)#SS 
*SS§2 Ol2|gI^ < 213nm CDf^t)0(Cl58nm ©H$ 
fcfcfc. 3)^S§*^|g2CDJig|5«SiCDS«*«37 2 /xm X 
372 Mm CDftt»DJc 200mdix200 tin T?*-SftS>69ft 
«•&©, BAWR-SCF!sIB816©JS8E8:Jfrg:i06 Sr^T. 0 4 
0C*^T. J9ttftJ&:«F106 tt, fflife»JiSSF107 ©.kfc 30 
Ife&nTfeO, ( "M" L -fe if* >h v») 0 

3 3 CDBAWR-SCFIhIBS 1 CDS 3 4 <Z>mfc#.fo&&&t> bt 
H&$CJS«rl08 *>04 Ofc^lStlTV**. 

mfe&mmom. baw *ssg2 t3^4t^3jc-€- 

0 3 6 CDBAWRSCF16 CDBAW #lg§§ 2 fc 3 ©jgL-fe:? - * > 

[0 0 9 9] 04 1 a, #5893© 5— o©*J60j|tcft 
o T JSfiE $ tit lr» « BAWR-SCFUTSS 1 3 £ . BAWR-SCF[sI 
BS13tt, BAWR-SCFI3IS13a*, BAW #HI§2 t. 3 *5«fc^SC 40 
F4£Jn*fc (iS5iJ)BAW*SSil4t (#&)BAW#j5gg§15i 
*tt4ti*»lJT, 0 3 3 CDBAWR-SCFlHjg& 1 \zmW 
LTVi-5o #Jgg2 t 3 43cfctfSCF4#0 3 3 ©BAWR-SCF 
@K 1 Ort»T*«l/TH50fcH«fc. BAW#tgg§2 
t 3*«fctfSCF4«BAWR-SCFiai»13rt«Ttta»-r*. BAWR 
-SCFtel!S13©BAW =fc«&14£SCF4ti&g&j&(0) tOWT 
*«W©»*b^*lfi«n?tt» BAW #igg§14 
OT«««24J4SCF4©±«fl«25KJHeL, BAW 
140±flWf 26ttttttA (0) KftlTrs. BAW #igg|15 

(0) &tHMKRA (G3) ©raT&igg-r-S,, BAW * 50 
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s«i5o±«mi26ftsttba to) ica*rr*;i£a*as 

K, Sfc, BAW Ami50TmC24*|fe*8MCG 
3)fcSMjr*-*££j&tSSLlr>. £©i2gT«, 3 0©t* 
7. -Tftto* t7Vl. bfTV2, £<fctf fcf7V3£xA*-r* 

[0100] 04211 BAW 3 1 14©Jf **_tiE* 

3 fC^TlS BAW #fi»2£15©aat±lB*4 

iC^-TJPaSr^-fe, SCF4«DJI*«±E*5fcjS"rj»a*» 
t?AS!Wft:«-&fC-pl»T©, BAWR-SCFIsl8&13©Jfi&®:j£c 

[0 10 1] 04 2£Ji,TJ§?3J;5f;:, BAW ^Jgg§2 t 
22©it?i]*S«, BAIR-SCF0»13*«BAWR-SCFia»13©ja 

SfcBAW #S8I3 <hl4te> BAWR-SCFIhIK13*«BAWR-SCFIhI 
BH3©a®««©Jt*tty y^(N2) Srig^ttJ-r^t^nJ 
Igfc-f*. BAWR-SCFIeJS&13©SCF4«, BAWR-SCFISgg 1 © 
SCF4iH^lcat8-r-5. BAWR-SCFEJ8S 1 (03 3) £13 

©ra&»jfcg**n^ftjfc-$"0 3 4 £04 2 <fc&jt,-as 

0»13»rBAW *«»14fcl5**tf21tk:«fc 
9> BAWR-SCFlHlgSl^-%-^.^J;0 ! b-Q<i:^:^^:Sa±^M 
SSrBAWRSCF 0g§ 13*^*5 C <fcj&«BjfB<fc&.5. 09*. 
tt. 01 8©5fefrSIRlc«fc^BAW ab2TS7^;^— 44 
****** 0 "6>t> -at AV»Hjt*«a«»tt*BAlR-SCFia 
S§13tt#K.?>„ 0Ux.«, 019fC^T. H4 2CDM«ft 
f&^tBAW ttL^7^c;P^— 44©M«SS:^«r©5R*lC 
OViTWAtf. BAW 7^W- 13*S-5-A-5SEit^««© 

BAWR-SCF@gS44© W^JKc J±^T20dbfc*^efe 

«*i*J:z/aa#«uy;u©^c^$tts^bT^-5. 

[0 10 2] 04 l©BAWR-SCFIsI8Sl3i:S<K©^^ISJS 
*«tt*K*ffl-r*», BAWR-SCFlHlSSl3{Ccl;oTS*.aia 
fe© J; 0 t>o £fH>aa»«©^®i|I£^#-ttiTBA 
WR-SCF[5IgS5:iStt^)i£:>|g*Sa&^^-a-, 04 3(C^-T«J;3 
i*#^9!^C e t*BAWR-SCFI5IgS13• *ffl!ttT'b«fcV>. CI© 
BAWRSCF SK13' ICtt» BAW *Jg^2, 3, 14tl5, M 

Df{cscF4*i-g-*n-5. *&w<z>m-$ii>i,*$Lmm-e\z. BA 

W ASE«3QJiffitt«i26«»ttjA(Il)(calSb. BAW * 
S»3 0T«««24*««j*(I2)fcatS-r*. BAW ^Jg 
§s 2 tt, ttttjft (12) (Gl) t ©IBT*«-r - 

*. BAW ^S»2(D±BiS«S26a»«ttttjA(Gl)K:a«l 
U, BAW (OTffi««24attttjft (12) (c»i^-r 

-5. SCF4©T»«a24tt»«jflC(12)fc»ttb, SCF4©4> 
|RI««26' tt, fttttftttjAKG2)(caitL, ^-UTSCF4© 
±BP«®25«BAWR-SCFI5IgS13• ODfftttjft (13) K»i»r 
*. BAW ftS»15©T«««24tt*«j«(I3)fca<Sl/, 
BAW £SHB15®±8nto26t*«Jftfttt£(G3) tattf 
*. BAW *g*140T«««24ttSE«^((13)k:a*Sb. ' 
BAW ASi«14O±ffi«S26»ftttjA<0) fcatt-f*. 

[0 10 3] BAWR-SCFIeJSSlS' © d©i2{i©fcje>{C, BA 
WR-SCFOgSlS' tt04 1 ©BAWR-SCFIsISSl3{c:J;^T3l*- 
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ai s ft-sii®^©^^ o t> -o tsts^sii^ ©« 

mmZMfrm-?* SAWR-SCP^IS' KlBAW #«3gl4<hl5 
Z-SttZtlZ&K)^ mz-Vt^ BAW *ig|§14tl5^*^ 
^BAWR-SCFEJ8&16<fc 0 to <h&^EUh^«*£BAWR-SCF 

BAW #yg&14<bl5kmWRSCF13 , ©iI©«liB 
[0 10 4] 04 4£#8Sb;&#€>, *5|HJlC«t 5 A* 7 

>7.©tnfc7^;w3'- "bawr-scfihiss" tn? 10 
^> mz^x&^wmrjb: v^mm 
KftoT, A'^^xrot^fc^^^-n^BAW #Jg§§ 
2, 3. 3\ 14. 14' , \L tSCF4MmcSCF4' 
■5. BAW &H§§2 £BAW,ete& 3 ^ -t* 3 ® "L-fe^^ 

>h" lagtmei© "L-^^^>h" i2B-rg^-r*>. 

SSC&b ? 4 )\,*-\KomiikK\\) t (12) 

KfrfcoTBAW &S3§2 £&SrT5. BAW #HSg2©ii 
65mSB26«^i^^ (1 1) CgjJ&b, BAW #ig§§ 2 ©T6&S 

S24«s^(i2)c^-r*. baw 3 <n±.mnu 

26te£fc&i^<Il)lCfc&iS£U BAW *SI§3WTSI5« 20 
®24«SCF4©TgP«®24lrjiifeT-S<. SCF4©*F«gmffi2 
6- tittttlMftjA (G> f£»i£U SCF4W±gP««K25ttBAW 

#mmu(DT&n®2uzmm?z>. baw #isigi4©± 
a5ms26«s^^ (on izmm-tz. 
[oio5] ^mm<Dtif^.v^mmm-c\^ baw 
(D±.MnM2m&m& (12) ki&^u baw &m 

S3' ©TgPmH24«SCF4' ©T8&W124JC«$rr£.> SC 
F^©^*^' te&ifeS^/S <G) fCiS^b, SCF4- 
©±SBS®25te&«S14' ©T£&ffi®24l;r**rr£. BA 

w #s»i4' © ±umM2mmm& (02) icgss-r*. ba 30 
w &nmut&m&s (od <t (02) izfrr^xmrnTz. 
baw *tg§n5K>Tesm®24««^(oi)tca^b, baw 
*^i5C9±a5«^26tts^(02){ca^-r^>. £©is 

e-Cl*, t'TVK V2, V3, V4teBAWR-SCF!Hl8&17©#tjt* 
\zm.tf e.tl5 - £©BAWR-SCFIe]8§17ra:BAWR-S 

cfeik 1 3 1 mmzmm b , bawr-scfoss 1 3*<*-r iiff 

b^bfr#€>, H4 4<0A5>7Ot<lfc7-f Jl^— 17 
Ttt, &tt* (ID t (12) ©*M3«ktf (01) t (02) ©#©- 

X© iitLtzAtlWt ttiJ]WZ&-? 2 ^©lElSStftfiSS&iS 

(fctx ait flu) © in *eto* / t 9 > x © t nfc 

-4" Jl/^ - 1 7 5: ffl 1^5 C i: * S T £ 3 . 
[0 10 6] ^W!7>Xfflinfc7^;^- 17$:^© 
J;5^«-&(C^ffl-r^>C«i:«, A*v>7.©tnT^i^Vi 
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SI 1 ©&fi»c<kSA*7>X©£nfcfg#ffi:*j£A*7 >X 

A5>7.©tnTv^^7^;w^-fc«fcoTta*bfc^ 
a^ >x © tnfc«#^^ b ja-r^s^s s ^ e. t?^ 

[0 10 7] ±Sfi©StW*> 3 fc, ±fB©BAWR-S 
CFIelSS©#'«r«. ^^©^tlfcO* ©BAW ttb^ 
7^;U^-tl@*©SCF x/WX«fcD&#bfcH»RJfc 
^iHHtSrg^tBT. (@*©BAW «b^7^ )V# — tm 
*©SCF ^A-fXAi. V^^&SbfcJ^&gScJfc^S 

^m-t^zmmM^&.m^mt-r^coiznv-c, & 
m b fcua t. *<^aiT c -t * 

•5J;^{C-r-5fcie)t'> dWBAWR-SCFUJg&Tte (fc£*JS 

^^©bawr-scf^ A-r x \t. mmMT&m.fr&fofzm 

*©BAW \i.\sZlW7<<)\'9 — ^>ffi*©SCI ^A'-fXlClt 

[0 10 8] ±ta©«*3'i*iS^J© : &^««^500Mhzd^ 
e,5Ghz©S5H©JliSiiCt-^feo"CS*^^'^*^° BAWR 

-scf^aw x\tm*~ Hr»fprs <t*ta* b v>. «c 

Ji<Di«kD1B!*a:«jft*^Ili6»="*-**»6"C*«. b^bfe 

*^e>> {Ss©sns60y-T?te/ (fct K#bTTfT 

felE«Stt©J:51c) g-y--fX$:^lc:S^«-©BAWR 
SCF =rni X*m : £-WftW}-$ : &2>Z.iitf-C%2>. 

[0 10 9] *5eWJ4-hE©h#n5?-f *»^BAWR-SCF 
IslSSfCfE^^tl-5^i:2:jt0bfe ! b©-Ctt^^il t> * 
fc. te© h^nv^-f S:jtcBAWR-SCF7 ! A-1' ^SS^E 
t>b-x?%Z>z.t\zmM2ntz^<, Mz-\Z* Sfflol^tt 
IgSipJCckoT, #03«)BAW*«S*3J:^/*fe«SCF 

%'Smm-szm9&&mi-z>z\t%-z&2>. b^b^ 

6. BAW^HHtSCF <tD/h 

^T^^gPSBa^^BAWR-SCF^WXH. 
«C«J«»aiBa*»^BAWR-SCF^W X Ktk^T i 0 /h 

vi. ±ia©«iciatt$nT^-&BAW ^stscF- 

©■y-'fX^ #gfttCJftSil$;fr^£S0b £:*>©-*?<& 
0, BAW *«§gtSCF \z\$. 

mS©^«»JS« : #14S:^2)fl&©®«)^'f X* 
[0 110] ZZlz, BAWR-SCFIaISS©rtgP"CBAW 

tscF t*ffis»«-r*****3E-r*ctt>-c#*. 

*5gBJ©^S*M0iJtcSeoT, BAW*ffiS2© 
±«R«S26**«l*«jS(Gl)K:ailrb, TSP«ffi24Sr^ 
M^(I) tt*»r*«k5K:H3 3 ©BAWR-SCFIhISS 1 ©BA 
W *Jii§2*lHlSSl©rtBI5T^bT ; fcJ:Vi„ BA 



W *fi»3©T**B24S«*jft(I) BAW * 

iigg3<D±gB«S26$:SCF4©tt®25{C^-r ; 5cfc5(C. 
BAWR-SCFHSS 1 ©BAW *«S3 £JggELTfc«fcV>. 
\Z. SCF4©«@24£BAWR-SCFIhJ8 1 ©&M£ (01) 1iZ»m 

81 ©#£bV>*lfi«T«W-*± 0 fc#< ©t'TSrlStt 
■S&Ktf&S Z\tWMZ>. ±EOf/H XOftl^ftf: 
oi^T, 7^AMXM^©£*%e>#JKffMt"5;^fc«fc-p 

esi^ff^^t^T^^tv^^iic^^fegjt^nfc 10 

Vs-rn^^lCOViT:^ BAWR-SCF^AM T-telSHS 

[oiii] zzizz*jkwv>i&mz^-z\;x?mw-f 

SAW 7^A^X£$tJ^§lj&*SI©i:3&t£3fcl!©2l§: 

®m7Lmz\-$.^<-Dfr(DiKi&.w$>z>. mA-vs.* — ns©-fe 

75'^ *.S§ teiM XftW. S b < ft v» a £ 

<, GSM i£«;8J&ffl$irtM£fflT£«J:3fcSAW 5^ A-f 7> 

v». rn^055fefffe^(c«ts^a7^;u^-tiia-r^ 20 

^I^4#SUT. fg9§#tt, GSM iH««i&**ffl^£*>© 
ft#£»©-t:7$ iyi7 2l§12J&*.§§«k DIM X** 
/h£<. %.tc. HRFm#l^;i'Tf£t&T^5lK«&— « 

[0 112] &5£W<Otii-3ils^ffim\Z$£-oTmf&2tL 
5rl7^M- (i£§gj&*.8§)51 ©8EIBS0£E4 5 
tc^-To £ ©&§*?)& *-8g5 114, 4>&< tfclo©7> 

t - ^- (ant) . *i "Sim" S5» ( "nrt7^) 43=fc 

tfSg2 "§«" ( "RXl" t7^) 
d<Dj£^»^x.§i5 1 £ h7>->— A— tcjfl^S 30 
0SA14. h7>->- A— ©|*ifiBfc:2i§1»tfc*.8S 

sias&^bxv^m, sgias#(Txi) 14, 

t"?- (ant) icjcot H^>->— a— ^^^(om^r^mm 
zn&mzmm-rz* h7>->-A-©fWT?. 

j£S<3&;Lg&51©3l2 8B7}-(RXl) 147 >t^ (ANT) 

[0 113] i£§^&*.8i51©SiSlgB#(TXI) 14BAWR-S 
CF[s]SS5343«fctfBAW #=S8g(RSl) i£g«J&;L§3 40 

51©Sg2g(5#(RXl) teBAWR-SCF0g&55<k*yif§(RS2) £ 
$tt. *5§93©BAW ©fficL^SdSW'SSoT, SBlfS 
Tj-(TXl) ©BAWR-SCFIelg&53140 4 1 ©BAWR-SCFIelS§13i: 
SHH©*MiWft**b, BAW#«§g2. 3. 14. <hl5. 
43<fctfSCF4£#t5'. B4 1 ©BAW #it§§2 t 3 43«fctfSC 
F4£BAWRSCF |Elttl3©rt«TttttT*©iM*©#ft 
T» SS««*»51©J6l««-(m) ©BAW &«§|2 <!: . 

3 43 cfctf SCF4£ HOtV-W ^(Dfomz&Wt £ <t**S 
SbV». baW #S»14©±«««26*«SCF4©±« 

«ffi25tCigJSb. BAW *fE»140T«««24*«»«J« (I 50 
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2) 5 fc. JB1»»(TX1) ©BAW #JgS§14£ 

^iep^(Txi) ortanc*«-r*=:t3wasbv». -t» 
%®immmm&& (G3) ti^i/, Taws24*«i*ttj(* 

(12) cattr*«t 5 BAW £SE£15«£ltf#(TXl) 

ortfljTaiuwsci^asuvi. baw #ig§g(Rsi) 

14, T>7^^-(ANT) tr«»bfc»«jft(Ar) tg^(I 
2) fcOMTMrr*. BAW#S8§(RS1) ©TgBtt®2414 

««jiSi(i2)K:attb, baw #iggg(Rsi) <D±umm2m 
%K£(An icxirr*. roEtt, sis«jiftAS5i 

©JB1»»(TX1) fcfilf7VltV2*«*Sn*. 
[0 114] ±i£bfc.i:5lc, &£tiJ£ML851©£2tt 
#(RX1) 14BAWR-SCF[sI8g55<»:BAW #MSi(RS2) fc-£tr. 
**WOff*l/^*lli*n?tt. BAW #tl§g (RS2) ©±SB 
««26ttttflKA(Ar> iCigiiiSb, BAW#MS§(RS2) ©T 
ffi*Atf4»4tttt£(I3) KitlS-r*. BAWR-SCF[hJSS55140 

4 l©BAIR-S(lF|III&13i:W«bfc»J««B**tr. bfr 
b**«6, 3I*«»*«51©J|5 2«»(RX1) 1C43HT, 
BAW *Jg§§ 2 © ±tt*K26»4&*e£ (G4) Iz&m-T* C t 
*tS*b<. BAW £S8 2 0Tattff24ttSttj&(I3)fc: 
a»-r*Ht3&»a*bV». BAW #ig§&3©T8B« 
«24tt»«jft(IS)lcai&'j-*Clt**a*b<» BAW 

Si 3 ©±SE«®26«SCF4©-hg5«25tcaSg-r S - t*< 
M^bV^ SCF4©*S»m&26' »ttifitttt^ (G5) icXMi 
■T*. BAW *S»14«OT«««24*»SCF4©T««*24K: 
aSg-r-SJ:-^;:, BAW *HS14©±fiC«ffi26*<« 

«j*(I4)fc»IS-r*J:3fc. ^2aJ7j-(RXl) ©BAW 
§114$: JIO^/W ^Ort«"P»*-r* Z. t«tSi* 
***15<0±«««26*»*IJI5A!K (14) tcaigL. TBB«i 
24*»»*J« (G6) icaS-T Sct3C. BAW ^fiM§15£:j3i§ 

«ftAS5i©^2SB»(Rxi) ©rt»K»arra ^ t**a 

StK d©KB-C. SIS«^^S51©^2aB»(RXl) 
K»4b?yV3tV4*«**n«. 

[0 1 15] j£§«&Ag§51©-£-n-^n©Sgl i^2gf 
7> (TX1) t (RXl) ©BAWR-SCFlHlSS53t 551413 4 5 ICS^T 
=bffl<hl4BiJ©h^D> ? -f S:J$o;iifcT?#*£V>-5 Jit 

XI) *3j:tX(RXl) ©BAWR-SCFIeI!S53t5514, 05 lt@ 

5 3©^D^i/156 £164 fc-€-tl-?*l^SnT^5fe© 
£S(abfc ^CtfeTtS. £©!§-&© 
h#D^-fl4. «fcDi>»©BAW *S»*«^TV»*Ct 
^r^V^T, m4 5©-^tl-en©g|$7MTXl) t (RXl) ©h 
#D5?-f£ni;T»* A^®152 iffi^SP 
154 515 lie, A*SI5160 <hm*BC162 *05 

3 iztt.To sfc, aia«»A»5i©affl?i«fttti6»P 

^2tS57)-(TX1) 43 «fc IK (RXl) «, ±fS©B3 6£04 3 
ct36*T?**b, »«W4. (fi©^«Jifeh*o^-f 
[0 116] *^^!C«£oT. ^2«i5»(RXl) ©S^ffi 
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xi) *sjg^m-rct5tcsis«j^s5i^fi!cT^o -rfc 
t>%. ^lgu^axi) ©aa#«©±*icJB i ««• 

1) j8«aftafcftf2T/?^fc#A* *a*l 
#SSa-*ttrrJ:3K:» »1»»(TX1) ©jSJiJBAff #a 

aa««©T^c» i (txi) jWHRjwuwnr/y 

1 (TXI) ©M5UBAW ^H|g?rl^IiT^^«t*ia*L 
a««**f4T»2 9»'(RXl) COfflja#«©±*(C 
Sg2 6|5#(RXl) 3&tyy^«^*Ci:3fi«-C**S65ll*a 
£g*ffl-r<fc5tC. »£»lM.«51©*2«0'<m> © 
S5IJBAW *HM£nfr$£c&*ta*bV>. Sfc, W.2 
»#{RX1) OHa»«©"^*K*2«»(RXl) *»MR« 

-r«t3tc sg 2 (rxd ©ataiBAw xm&zmm-t * 

#<RX1) £(TX1) ©Bfao+ii'HiWfcT?* *SV»tt-t© 

&5\z. ai«««*.»5i©.»»(Rii) taxi) <Dmm& 

c©2is^^.§i©^ne.©ffi» (RXD taxi) ©*-n 

k, »*«i»A*5io^n6©«»(Rxi) tcrxi) rose 

coil 7] '»sw*ii»5i<D-tn*n©»»'ffiXD t 
(TXI) CWLTA-f ws;i>©j8ftjg*»!W-* 

gP^(TXl) 4:8X1) OlI**e««ER^^i' h^-h-C 

[0 1 1 8] m4 8tt, GSM h7>->-/'«-T?«lt5 

GSM M««fc*V»T, 36flHt«tt»B«fctt890lfflz 
~915MHz©a»»CDlBC:t)fcO. SSWfC 
W:935MHz~960MHz©JSifc»©WtC;bfc5) fctJWr©, 
£affl«*.«51©JSl»#tTXl) <bfg2g&#(RXl> ©Ji 

jt»5icD-tn-tno«»frxi) fc^tmi) ©baw #s 
sstscF jy.T©^6 tg7 ic^-n^ti^-rsfej;!/ 
JflM X&*tJt«3£bT^*. £fc> ^-n-^*ti©si5» 
(TXI) t (RXD ©BAW #c»S£:SCF tt. »Jfi 

-E-tT, M450*— 

[0 119] 
[*31 
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[0121] Sg 1 (TX1) © (Slifftttt©) JifcgrjS; 
mt. m48\Z "57" t^JUfc-sW-T^S. Sfc. % 
2gB#(RXl) © (§{§#«©) MiftRJSfiPtt. 04 8 £ 

"59" t^^JWSr-^ttTV^. @4 8J1T^±5 
fc, /W i^;u©g«Ka*Mg«&x8i5ll;:«fcoT-5-* 
ens. *fc> j£g^&*3g5i©^n^*n©sgiSi$#(T 

XI) i3i2«$#(RXl) <0**57t59OIB»c45dBK±<Z)IW 
[0 12 2] 0 4 8©&S!WfrJ§&*fc3r*it.T:b5&>* 
S6ifibfclBBT?-l8K:E«anT^*. **59©T«x 



(23) 11-88111 

44 

y 5? t *«57©±«X » 5>©IH fC&BTS 7 y?ttlS 
«J|ftit»510SB2a5«'(RXl) ©#8SBAW #Jggg24£:26© 
I^lCioTSi;^. BAW £S«24£26©iK$U*leiI 
Hj6ftfc*ViT, 5*/t-f X24£26teflSVW >tf— ^>7. 

[0 12 3] j8iaiB»it»51lcBAW *tSS(RSl) <h (RS 
2) S^tf^tKiD. 3««il*»51fl!)*n-fnojB 
l*J:OtJB2»»aXl) £ (RX1) C»t/TA'fWO 

10 ^^§§51©^tl6cO«^(TXl) tCRXl) KJH/T/WP 
^;KO«lgtWgi(ft*K*t*Jli**priBHa:*. BAW *S 
IS (RSI) £(RS2) J feSfci«SCD«J«gi5a^<y5 1 >^S:S 
1»»(TX1) <h7>^±(ANT) IC^LT. Sfc, ^2615 
#(RX1) 4:T>7-±{ANT) (fc;£^.«50^— A7>rt) 

5IC BAW^il^(RS2) ttMS«J^lg5i©Sg2 "g' 

^x.§i5ico^©^(Rxi) <Dtp>bmwL&-e\M.&mm&m 

*-ffi-TJ:5{cBAW *«S(RS2) SraufSHtjWaSL. 
20 V». BAW #Mfl(RS2) C0*^iJ*ii^i6^cJ; 0 ffi< . *^ 
SUt^cOlSHrttCfeS^SiST?, BAW^MSKRS 
2) 3>5*>U— ©iSCtt, jHS^x^51<D 

g&#(RXi) <d\*)-i yv-yyx&Mia-zitZ). mz. 

BAW*fgS(RS2) *ii£g^&*e5Hc-&£nT^;& 
<^i«-&. ^CO«-g-CO^COg|5^(RXl) coA*-f>tr— ^> 

BAW#ffifi(RS2) Sr-&^5i-(RXl) 
tr-^>^«fcD/J^<, S6*«*'A»»» (RX1) £ (T 
XI) 43J;^T>5 L ^- (ANT) \ZMVX^-X<E>tl^>m 

30 SilS (upper transit band freauency) IcfeV^Tv V^<^ 

[0 12 4] GSM r-^>->— A— £4^C0il^^ffi©a^ 
©h9>'>-A'-->X^A(t, *5!^CDSI§«)m^51 

*i#OJ:5fC|gffhbfc->7.xAtr^l/iT«. BAW *Mfl 
(RSI) £(RS2) SrfflV^^E^Vi. $6>t. M*co« 

jHS^^.S51©BAW *S§gtSCF CDlES^lC^bT^ 

40 itwm&m^zmGiz-^^Tte, ^wm^^i^n 

*n©»»(RXl) t(TXl) tt. BAW ^IgigtSCF 
^■(RXl) £(TX1) jatS*ffiT»«««tD^<«KA'l£V i a 

51©J81*J:^JB2W»aXl) t(RXl) 

35MHz ©aiMf«©*««*^S4:t-*»*fc) . 25MH 

^(Ctt, iiS^^^S51©BAW #ig§&<bSCF ©Jllt^tc 
50 l43.fctfJS2W#(TXl) t(RXl) 3&«HS25MH8 SSVi« 
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[0125] @46<h04 7*#BHLtt**6, 7 

?y^(C2) t (ci) ± tc ^-n^nifs 2 «$krxi) 

y^(C2) * <Cl)ffi5»«*«50±K:«S=m:7-r 
51*«IO«UTt>J:V». 7-7. MAM, 

««E^53a , 54, 56, 5£te. #>xW >^7-f ^-55 
a *^LT2IS«lftAa^i©*2««-(RXl) 
(TX1) *^©#Sb^*tt0IK:IEoT, 
*«50©ig(W) tt*Sj4nm/s«50OfiS (L) ttSSJ 7 mm, 
-£-LTS«50©iiI£ (H) «, £#A*-110 S^feTi^ 2 
mmT&S. £©^;*>A*-110 fctt, 09*. «, 4l£»tt2 
«50K^3abT&omt3fc«>l;:g;2jA*-110 
H^S(C&M-r'5>A>y "U>^" 57.^— 
7.F (S^-tir-r) ^offl^ft&K&S^te-fc^Sy^ 

#(RX1) t(TXl) ©M^rSr|g-S«50±tcSjgL, -t<0 

-£#Jffl UT3I««JI)IA»51©J» 1 *5 .fctflg 2 (RX 
1) t (TX1) **«SB^53a , 54, 56. *5j;tf57tCgii£ 

CO 1 2 6] *^^ro3l§«)m^Stt, 

ttft^w x tr-fe ^ 5 * its^m z-^m&wm 
§§£-te 7 5 y Z j£§ig&*.§§<k 0 &1M X\z.Wft 

«X1) t(TXD »»ojR*fc»UTA-f u 

[0 12 7] @4 9*#Ib^^, ££££.5 #1893© 
71*^f. raJ)!' • ; fc— F h7»- A— -C»jft*ff 

■f) <D^\z^(Dy : ^7)vm^.mmx^n^7.i\^m 

tt, '>U< tfclO®7>5 i '^(ANT) . 11*195 (AMP 1), 
(AMP2), (AMP3). (AMP4), MtflCfg 1 fcitflg 2 
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ias«aA»ffl»8itt7w;p^-^oy^ (txd <t7 

&&#mty -< Jl?-Zfny ? (RXD i7^M-^D 
(RX2')*^t». *5BW©»*b^*Jfi«T?tt, 7-f 
W-^D^ (TXD £ (TX2' )©«•*«, ±fE<Z>ii£giJO 
&AS251©Sf!li2iffig|5#(TXl) t«flMbfc«figa5S^$ 
trct3i«a*bVi. «*tf. E5 0te, 3l*«ilA.»51 
®3Ht»# (TXD fc«ffiLfcBAWR-SCF|§IgS£-atr7,f JV 
10 ^-XP-^^150 *^-T. *^OffSl/HilfiflT 
«, 7-c;U^ — XD>y^7l50 im4 9®7-fM-7D 
(TXD <h (TXrjfcJBfifcU i5 OWA7JB&152 UB 
4 9 ©^•t^^ ^ n©A*BP72• <h73*^J5Eb, 0 5O©tt5 
^JSB154 04 9©^-tl j en<Dffi7JSI574t75«:^t- 
•5. 

[0 12 8] ifc, *5EW©»*l/^*JS«"Ctt. 

7 )vm^Wixm\<Dy j )\>?-?uy z (Rxr ) t (rx 

2')©^*fi, ±fBCDMS^^-S51©^2g«gB^(RX 

1) t^«(bfc«fiEgl5 l S.^-&^. ^J^.«, 05 2H 31 
20 S«J^^.gg51C0Smfi|5^(RXl) (c«{EtLfcBAWR-SCF[HlES 

y^fj^— Xa»/d7i58 tt, 04 9CD7 
-f^^-XP^^tRXDt^'J^r^fiEb. 
tt, 04 9 0-^n-^nroA^S1577t78*^fi£b, -tbT 
UAffil62 «0 4 9 CD^tl^ r tl<Dtll^gP79^:79• 

[0 12 9] fft?n©7-<;^-7'n7i' (TXD t (T 

. x2 , )©A73g&72' £73\$^n^ttv>mmmmpi) t. (amp 

2) ©m7ja5icasig-rs. ^^7;Pi@i§^^.sg7icr)iE-n 

30 ■?-*n©7-i' Jl/^-Xn^^ (TXD t (TX2' ) ©{±S73gB74i: 
75tt, ^j1cd«^76' ^LT7>rt#- h (AD 

X2')©A7jSB77t78tt, *jM©S«KjS76" ^LT7> 

ft#-KAi') tc^-r^.. ^-n^ti©7^;w^-x 

P >y i7 (RXD £ (RX2' ) ©-^-tl-^tKDtli^j^Q t79' KM 
*Sg5 (AMP3) £ (AMP4) iC-^n^tia^T-S. *t«ffi (AMP1) 
t (AMP 2) H, MAlt fa7^-t-Hh7»-A- 

x ;t-f x si^iHigs (tx) w J; -5 ^ e. fc ^> mss »c ^- <d 
A^sp-cs^-r-s^t^s^bu. itngp (amp3) 

40 £ (AMP4) tt, ^JA«, fa?^ • H h 7>zs — A*— 
l/->-A— IhISS (RX) «D«t -5/«c$ e.^^[HlS§C-5-CD 

[0 13 0] ±IB©«fc-5{C. ffi&^ff 5fcJ6JCx3.7;U 
LV^lWfcffioT. 7^M-7"D-^ tixr)*««« 

50 7-fM-7*ayi' (RXD*t«*«icojB3aK#«±K: 
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;i/3l*«J«A«71<Z)«-«B»{TXr), (TX2'h (RXDi5=fc 
(RX2')©BAW #iggg£SCF SHWEf*. £©cfc5lcL 

g«©aie«moa*ajau 7^m-7p»;^ (txd 

A*-g@^e.T>^(ANT) £rfrLT{i-S§-#i£«2tl3 10 

=> >zy-n-mm<om.mm mo ^m^? u 7 w 

p i7 (TX2' ) oaaMFi^feart fcjaam&ttoflreti 

H9>->-A'-gS^^f>^(ANT) S^-UTg^ 
*a5 M K 7 ^ - 7 P y f (TX2" ) C J; o TSf& 

:t*p>>:> atxi •)«**& u ^n^<=>, ati&^nfcfi-^sr 

h^>->-A*-^g<D^lElSS(RX)^2l^). MSIC* =r 20 
a7)H§Wxffi71®7^ )V*—Zfny{r (RX2')tt, 
T>5^(ANT) T'P-y^ (RX2')cr)ajl««CD 

nrcmnz b^>->-^-mm.^mmmm at» 

•So 

CO 1 3 1] ? : 3.7)im&W&Z-ffll<D7ay7 (RX 
D, (RX2"K (TXD, (TX2')tc*fbTA-f 

S7io J e-n-€ r n<D7^;^— zfuyi? (txd, (TX2 1 ), 

(RXD, *i«t^(RX2')roaiil^$:^&^X^^ DU.L 30 
^E-n^ttro^Pyi/ (TX1 1 ). (TX2'K (RXD, (RX2')© 

CO 1 3 2] jSfflnltg^lttMSqitC.t-pT, 
y~Uy >7 (TLY), (TX2'), (RXD, (RX2'm, 05Oi 
0 5 2IC^-T K^D^-WOffiOh^D^ Srjt-^BA 40 
WR-SCFEJK *> ©T & o T *> «k V><h V> 5 £ £ tCgjR 
StlfcH. y^)V^ — ^UyO (TXD t (TX2') 

Ii0 5 lcoyp-v^l56 CSth#ny-ft!Sli©h^ 
P-^ SrltOfero-CfeoTfeiVi. 7^M-^ 
D«yi7 (RXD £ (RX2')tt, 0 5 3<D7ay?m 
h#as>-f »ciWH©l-jj*o5M £i$ot>©T&oT ! bJ; 

£©«-&© htfPvM' tt, «fc9 4>fcV»R©BAW #JR 
S§£;B^5£t : £:ISfc^T0 5 0t@5 2 ©BAWR-SCFIeJSS 
©^tl^tl© htfPv'-r t^UTfe^Tfe.tV^t^* 
So C©*16«trtt, 0 5 1 ©A2>BB152 <hm7jgB154 50 
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te, y *{ )V$—~?u-y 9 (TXD <h (TX2') ©A7JIS572' <h 
73, ^«fc^tB73gE74t75^^n*n^fig;-r-5. 121 
5 3©A7jan60 <h(±J7jgP162 tt. 7^ )V9 — ~7n y f 
(RXD t (RX2' ) ©A*»77£7M3£tfffl#»79 1 79" * 

^n^nmm-rz. x a. 7 )Vjk&®&A.m\<D^n?n 

(DU )V?-7uy? (TXD , (TX2'), (RXD, (RX2' ) 

©BAWR-scFosstt, ±ih©0 36t@43 Kssrvvm 

HIS«^AS51cD3gfflpJtl^tt^S 
CO 1 3 3] #3gBJ£^©$f3: l^SHMflCOVsTttje 

mtmm^mti2>z.tti.< z\n\zm^t.mu<D^^ 

fc«t-5{C, 0 3 3 tM4 1 <Z5BAWR-SCFlHl?§ 1 L13<D*rfl 
i|g$-^tt-5^S7i ? a&Sa-&, BAffR-SCF^WXlBtlS' 

<, ^ne.wxA-rxoi-^eAJiwBAW *«sffls^cr) 

JP^S:«3i^U. BfaoVEViaii**C9«tt««R.t« 
£ t*i-C#-5(@^©BAWR-SCF7 ; /N*-rx 1 i:13WEM$rffl 
Vs-BJl tCJ: D jtttW*^aa#««)#«««:«»t* - 
^<lx«> ■€-tl^ r n©BAWR-SCF5^A*'f X 1 <h 
13CD 1 0£^JtOTBAW #JHg©rtgBT, #^/N*<X©fl&CD 
BAW *li^K^J;OjiS^:fifcn-t/PV^@$r (M^JBA 

^#ASd<h *<T # s <t -5 BAWR-SCF^;\*-r 7. 

©fa©BAw #Mm<DKnmj:9mmt3i&tzvm?>-(D'j>tz 

mil Iti7-=ft yy°t*^$km&itzn)i>>7M 
tt&(BAW) *asw«ffffio 

C0 2] 01 ©BAW *HSg©-gP»©±PE., 

C0 3] «tt@Sr-&trjfel!W^BAW #M88©8t»rB. 

C04] #®5 7-S:$triftSW?5:-#:@SMBAW ^ig 

CIH5] 04©BAW *«S©-a5^©±®Sr^b, «® 
g38a 43<fc^^«i24i:26<&-g-tf. 
CHI 6] kf7«#^S«S-&tt*S»fcBAW 

CI21 7] BAW £SS©*>f>*?e«lilBlIg. 
[0 8] Mtx7-^-vyytS#trjftS!M^*BSiS 
ft7>r;P^-(SCF) ©#»rffi. 
C0 9] 0 8©SCF ©-SB^©JiS0. 
[HI 0] «ttJB«r*tTAffl»/*SCF ©«t»®. 
[01 1) *«5 5-S-fttrAffl«tt— *HftfflSCF © 

[012] 01 1©SCF ©— SB#©±®0. 



(26) 
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[013] k*7£i#-p£«£-&trjftSf$fcSCF <DMWi 

[014] scf (DM'pm^mmm^ 

[015] SCF OAf«lSSSM§a 

[016] 2 t>©BAW ftfT&flBcioT 

[017] 01 6 ©BAW ItLZl&y J )V?-<D&m&)te 

[018] 4^©BAW #Jggg£^2K SfcfrStffilcJcoT 

^snsAsiM^BAW «br^7-c;u^-iHi8S0. 

[019] 01 8 ©BAW ttLirf7^JW-C5*i!«& 

[02 0] 01 iivzmyj )i<&--<DM*pmT 

[02 1] &ff&WK<fc-DT«j£Sn-5ftS!lft& "A^ 
>X©<h*l/t" fiL^7^;^-CD«EB§0<, 

[02 2] 02 1 ©A*7>7.©ttlfc«b^7^;U^ 
— ©^ m^^M 

[02 3] 4^©BAW £SS&$&. Run*?***** 

»j£«F0. 

[02 4] BAW *«»tty.O£E«Ji22tSCF(B)0 1»0 
. ffiSB22t23**-r. BAW ftSSGD ©IE«Jf22teT© 
BAW#Jgfg(B) ©#ffi®J122<h23ttT,/2 

[02 5] ttL£#B«K:iMJELfcBAW *«f»**tf7 

*-©BAW #JgS«0 2 4©JBE«J122£-&tr <> *&, 0 
2 4©)EESJf 22<h23£^tTSCF ©jftSMftHiSEajSS 

{B')*^-r. 

[02 6] 0 2 4 ©BAW AJMtt) 0£E«»22*«L/ r 
Scfc. SCFffil) © 1 jy-©JE«^22t23$rfc*-r„ BAW * 
JSS(A) ©JBE«Jf22<hSCF(Bl) ©EES)! 22£23,hte^n 
-£*tT©;pS£j$o 0 

[02 7] 0 2 S<DmMm-&m$L®;fc&(M<D—fflft$: 
iSU 02 6©EEBJ122<h23£-£-tJSCF ©ftgf«J&J?g$E 

«t«* (c')**>*-r. 

[02 8] 7^;U^-lCi3E-r-t#t*7 (V) S^gtt 
5 hTpDSM £#O01 8©BAWttL^Jg7-f — * 

[02 9] fcE«-r^#tf7 (VI), (V2):feJ: 

(V3) M£t1"5 hTtfDv'-f SrJ$t30 1 '8 ©BAW ttb 

[03 0] 7^;P^-tcEgT^#t*T (VI) £ (V2)£&> 
Sit" -5 h#ns?-f £&-p02 1 ©A*^>7. ©£:*!£: 7 

[031] jft^W^BAW #lS8§«jfi©«Bfrffi. 
[03 2] 0 3 l©*9j-9jK»-afcH3 1©BAW 
Sg#fii©8t»rM. d©0T, t*7 (V) ttBAW ASSttifi 
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[033] *&w<Dmffimiz&-oTMi&2n, «*h# 

— (BAWRSCF) •7 f /W^©HFK0. 
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